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1 GENERAL EXPERIMENTAL DETAILS 
 
Tetrahydrofuran and dichloromethane were purified by passing through a Pure 
Solv™ column drying system from Innovative Technology, Inc. Additionally, THF and 
methanol were degassed through three consecutive freeze-pump-thaw cycles. Diethyl 
Et2O, chloroform, dimethoxyethane and ethyl acetate were dried using activated 4Å 
molecular sieves and stored under argon. Unless indicated otherwise, all reactions 
were conducted under an argon atmosphere using flame-dried glassware with standard 
vacuum-line techniques. NMR spectra were acquired on a Bruker 300 spectrometer, 
running at 300, and 75 MHz for 1H and 13C or on a Bruker 500 spectrometer, running at 
500, and 126 MHz for 1H and 13C, respectively. Chemical shifts (δ) are reported in ppm 
relative to residual solvent signals (CDCl3, 7.26 ppm for 
1H NMR and 77.2 ppm for 13C 
NMR respectively). 13C NMR spectra were acquired on a broad band decoupled mode. 
The following abbreviations are used to describe peak patterns when appropriate: s 
(singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sex (sextet), sept (septuplet), 
m (multiplet), br (broad). Analytical thin layer chromatography (TLC) was performed 
using pre-coated aluminium-backed plates (Merck Kieselgel 60 F254) and visualized 
by ultraviolet irradiation or phosphomolybdic acid dip, potassium permanganate dip, 
vainillin dip or Cerium Ammonium Molybdate dip. Purification of reaction mixtures was 
carried out by flash chromatography (FC) using silica gel Merck-60 or Florisil® 60-100 
mesh from Aldrich. Optical rotations were measured on a Perkin-Elmer 241 
polarimeter. The enantiomeric ratio (er) of the products was determined by stationary 
phase SFC or HPLC using chiral columns. Mass Spectrometry (MS) and High 
Resolution Mass Spectrometry (HRMS) were registered in a spectrometer GCT Agilent 
Technologies 6890N using Electronic Impact (E.I.) techniques at 70 eV and 
electrospray (ESI+ or ESI-). Melting points were determined in a GallenKamp apparatus 
in open capillary tubes. All ligands, [Cu(CH3CN)4]PF6 and NaO
tBu (2.0 M solution in 
THF), were acquired from commercial sources and were used without further 
purification. Bis(pinacolato)diboron was recrystrallized in n-pentane before used. 
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2 SYNTHESIS OF STARTING MATERIALS 
 
2.1 Synthesis of meso-(3R,4S)-3,4-bis(benzylthio)cyclobut-1-ene, 1b.  
 
 
To an oven-dried flask was added NaH (218.3 mg, 9.09 mmol, 2.24 equiv) and THF 
(0.8 mL). The solution was vigorously stirred at 0 ºC and phenylmethanetiol (2.6 g, 21.3 
mmol, 5.25 equiv) was added dropwise to the mixture. After 15 min, cis-3,4-
dichlorocyclobut-1-ene (500 mg, 4.06 mmol, 1 equiv) was added. The mixture was 
stirred at 65 ºC for 12h. The reaction mixture was cooled down at room temperature 
and water and Et2O were added. The phases were separated. The aqueous phase was 
extracted with Et2O (x2). The combined organic phases were dried over MgSO4 and 
the solvent removed under reduced pressure. The crude product was purified by flash 
column chromatography (hexanes/EtOAc 95:5) to afford a 80:20 inseparable mixture of 
1b (780 mg, 2.68 mmol, 66%) and (1Z,3E)-1,4-bis(benzylthio)buta-1,3-diene. This 
diene is formed through a conrotatory ring opening of 1b under the reaction conditions.  
1H NMR (300 MHz, CDCl3): δ 7.31 – 7.23 (m, 10H), 5.87 (s, 2H), 4.06 (s, 2H), 3.79 
(d, J = 3.5 Hz, 4H). 13C NMR (75 MHz, CDCl3): δ 138.7, 138.6, 129.2, 128.6, 127.0, 
52.2, 36.2. Rf = 0.7 (hex/EtOAc 95:5). HRMS-ESI
+ m/z calculated for C18H18S2Na 
[M+Na]+: 321.0742, found 321.0731. 
 




a) A mixture of activated zinc (2 equiv), the corresponding cis-alkene (1 equiv), and 
anhydrous Et2O (2.5 mL/mmol of alkene), was placed in a sonication bath maintained 
at 15-20 °C. Then, a solution of trichloroacetyl chloride (1.44 equiv) in Et2O (1.2 







mixture at 15 °C was continued for another 6.5 h. The mixture was diluted with Et2O 
and filtered through a sintered glass funnel; the zinc was rinsed with with Et2O, and the 
filtrate was washed with water (x2), NaHCO3 (aq) (x5), and brine. The organic phase 
was dried over MgSO4 and the solvent removed under reduced pressure. The crude 
product was used in the next step without further purification. 
b) The corresponding dichloroketone (1 equiv) and methanol (5 mL/mmol of 
dichloroketone) were cooled to 0 ºC and sodium borohydride (2.5 equiv) was added in 
small portions over 2 h. The reaction mixture was allowed to warm to room 
temperature, was stirred for 2 h, and then cooled down again to 0 ºC and diluted with a 
cold mixture of NH4Cl (aq) and Et2O. The layers were separated, and the aqueous 
phase was extracted with Et2O (x3). The ethereal extracts were washed with a 
saturated solution of NaHCO3, water, and brine, dried over MgSO4 and filtered. 
Concentration afforded the crude product, which was used in the next step without 
further purification. 
c) A solution of the corresponding alcohol (1 equiv) in CH2Cl2 (2.3 mL/mmol of 
alcohol) was cooled to 0 ºC, and then triethylamine (4.5 equiv) was added. 
Methanesulfonyl chloride (3.5 equiv) was placed in an addition funnel and added slowly 
over 1.5 h. The iced-bath was allowed to melt, thus allowing the reaction mixture to 
slowly warm to room temperature. After being stirred for 3 h, the reaction mixture was 
cooled to 0 ºC. A mixture of cold water (2.3 mL/mmol of alcohol) and CH2Cl2 (2.3 
mL/mmol of alcohol) was added to the reaction mixture. It was stirred for 30 min and a 
cold 1N HCl solution was added to acidify the mixture. The layers were separated and 
the aqueous phase was extracted three times with CH2Cl2. The organic extract was 
washed once more with a cold 1N HCl solution, followed by a saturated solution of 
NaHCO3 and brine. The organic phase was dried over MgSO4, and filtered. The 
resulting dark orange solution was concentrated and used in the next step without 
further purification.  
d) Ammonia (24 mL/mmol of mesylate) was condensed at -78 ºC in a three-necked 
flask fitted with a magnetic stirrer, a dry ice/acetone condenser, and an addition funnel. 
Sodium (15 equiv) was added in small pieces, producing a deep blue color as cooling 
was maintained at -78 ºC. A solution of crude dichloro mesylate (1 equiv) in dry 
tetrahydrofuran (4.5 mL/mmol of mesylate) was placed in the addition funnel and 
added to the Na/NH3 over 30 min, and then the reaction mixture was allowed to warm 
to -40 ºC and stirred for 2 h. NH4Cl was added until the blue color was gone. The dry 
ice/acetone condenser and the addition funnel were removed. The reaction mixture 
was slowly allowed to warm to 0 ºC, allowing the NH3 to evaporate. Water (12 
mL/mmol of mesylate) was added to dissolve the remaining salts and then, pentane (4 
mL/mmol of mesylate) was added. The layers were separated, and the aqueous phase 
was extracted three times with pentane. The pentane extract was washed with water, 
1N HCl, water, saturated NaHCO3, water, and brine. The organic phase was dried over 
MgSO4 and the solvent removed under reduced pressure. The crude product was 








From (Z)-1,4-diphenylbut-2-ene (2 g, 9.6 mmol), following the general procedure 
described above, compound 1d (0.35 g, 1.5 mmol) was obtained in 16% overall yield (4 
steps) as an orange oil.  
1H RMN (300 MHz, CDCl3): δ 7.42 – 7.35 (m, 4H), 7.32 – 
7.25 (m, 6H), 6.23 (s, 2H), 3.41 – 3.28 (m, 2H), 3.01 (dd, J = 
13.5, 5.6 Hz, 2H), 2.82 (dd, J = 13.4, 10.5 Hz, 2H).
 13C RMN 
(75 MHz, CDCl3): δ 141.2, 139.7, 128.8, 128.4, 125.8, 47.7, 
36.5. Rf = 0.9 (hex). HRMS-EI
+ m/z calculated for C18H18 [M]
+: 
234.1409, found 234.1407. 
 
meso-(3R,4S)-3,4-bis(Methoxymethyl)cyclobut-1-ene, 1f. 
From (Z)-1,4-dimethoxybut-2-ene (4 g, 34.5 mmol), following the general procedure 
described above, compound 1f (1.3 g, 9.2 mmol) was obtained in 27% overall yield (4 
steps) as a colorless oil after a flash column chromatography using n-pentane/ethyl 
ether 80:20 as eluent. 
1H RMN (300 MHz, CDCl3): δ 6.16 (s, 2H), 3.58 – 3.50 (m, 2H), 
3.50 – 3.42 (m, 2H), 3.33 (s, 6H), 3.22 – 3.14 (m, 2H). 13C RMN (75 
MHz, CDCl3): δ 138.6, 72.9, 58.9, 45.7. Rf = 0.6 (hex/EtOAc 80:20). 
HRMS-EI+ m/z calculated for C8H14O2 [M]
+: 142.0994, found 
142.0995. 
 
 meso-(1R,7S)-Bicyclo[5.2.0]non-8-ene, 1g. 
From cycloheptene (4 g, 41.6 mmol), following the general procedure described 
above, compound 1g (1.44 g, 11.8 mmol) was obtained in 28% yield overall yield (4 
steps) as a colorless oil.  
1H RMN (300 MHz, CDCl3): δ 6.07 (s, 2H), 2.97 – 2.86 (m, 2H), 1.82 – 
1.71 (m, 5H), 1.44 – 1.15 (m, 5H).
 13C RMN (75 MHz, CDCl3): δ 139.7, 
48.9, 32.3, 30.7, 28.5. Rf = 0.95 (hex). HRMS-EI
+ m/z calculated for C9H14 
[M]+: 122.1096, found 122.1098. 
 
2.3 Synthesis of meso-(3R,4S)-3,4-dipropylcyclobut-1-ene, 1e. 
Compound 1e was prepared following a reported procedure for the synthesis of 
related compounds.5 
                                               









a) To a suspension of activated Zn (9 g, 138 mmol, 3.0 equiv.) in anhydrous Et2O 
(290 mL) was added 4-octyne (5.05 g, 46 mmol, 1.0 equiv).Then, a solution of 
trichloroacetyl chloride (10.9 g, 60 mmol, 1.3 equiv) in dimetoxyethane (23 mL), was 
added dropwise with vigorous stirring. The mixture was stirred at room temperature for 
36 h. The reaction mixture was filtered through celite® and washed with a saturated 
NaHCO3 aqueous solution (x3) and brine (x3). The organic phase was dried over 
MgSO4 and the solvent was removed under reduced pressure. Compound SI-1 (8.1 g, 
36.8 mmol) was obtained in 80% yield. The reaction crude was used without further 
purification in the next step. 
b) SI-1 (6.6 g, 30 mmol, 1 equiv) was added to concentrated H2SO4 (18 mL) at 55 
ºC. The solution was stirred for 12 min, and then quenched with ice. The solution was 
extracted with Et2O (x3) and the combined organic phases were washed with a 
saturated aqueous solution of NaHCO3 (x3) and brine (x3). The organic phase was 
dried over MgSO4 and the solvent was removed under reduced pressure. Compound 
SI-2 (3.74 g, 22.5 mmol) was obtained in 75% yield as a yellow oil. The crude product 
was used without further purification in the next step. An analytic sample was purified 
for characterization by flash column chromatography (cyclohexane/ethyl acetate 
90:10). 
meso-3,4-Dipropylcyclobut-3-ene-1,2-dione, SI-2. 
 1H NMR (300 MHz, CDCl3): δ 2.73 (t, J = 7.5 Hz, 4H), 1.78 (sex, J =7.5 
Hz, 4H), 1.02 (t, J = 7.5 Hz, 6H). 13C NMR (75 MHz, CDCl3): δ 202.9, 
199.7, 28.5, 19.7, 14.2. Rf = 0.35 (hex/EtOAc 90:10). HRMS-EI
+ m/z 
calculated for C10H14O2 [M]
+: 166.0994, found 166.0988.  
 
c) To a solution of SI-2 (1.5 g, 9 mmol, 1 equiv) in methanol (190 mL) was added 
cerium trichloride heptahydrate (7.4 g, 19.9 mmol, 2.2 equiv) and the solution was 
vigorously stirred at 0 ºC for 15 min. Sodium borohydride (957 mg, 25.3 mmol, 2.7 
equiv) was added in small portions and the mixture was stirred at 0 ºC until full 
conversion was observed by TLC (2h). The reaction was quenched with saturated 
NH4Cl and the aqueous phase was extracted with EtOAc (x10). The combined organic 







Compound SI-3 (1.13 g, 6.7 mmol) was obtained in 74% yield as yellow oil. The 
resulting diol was used without further purification in the next step. An analytic sample 
was purified for characterization by flash column chromatography (cyclohexane/ethyl 
acetate 75:25). 
meso-(1R,2S)-3,4-Dipropylcyclobut-3-ene-1,2-diol, SI-3. 
 1H NMR (300 MHz, CDCl3): δ 4.57 (s, 2H), 2.94 (br, 2H), 2.18 – 1.95 
(m, 4H), 1.61 – 1.42 (m, 4H), 0.94 (t, J = 7.3 Hz, 6H).
 13C NMR (75 MHz, 
CDCl3): δ 149.1, 71.7, 28.1, 20.6, 14.3. Rf = 0.3 (hex/EtOAc 75:25). 
HRMS-EI+ m/z calculated for C10H18O2 [M]
+: 170.1307, found 170.1304. 
 
d) A mixture of SI-3 (700 mg, 4.12 mmol, 1 equiv) and Pd(C) (438 mg, 0.412 mmol, 
0.1 equiv) in ethanol (25 mL) was vigorously stirred under a hydrogen atmosphere at -
20 ºC until full conversion was observed by TLC (2h). The reaction mixture was filtered 
through celite® and the solvent removed under reduced pressure. The reaction crude 
was purified by flash column chromatography (cyclohexane/ethyl acetate 50:50). 
Compound SI-4 (375 mg, 2.18 mmol) was obtained as a single diasteroisomer in 53% 
yield as a white solid.  
meso-(1R,2S,3R,4S)-3,4-Dipropylcyclobutane-1,2-diol, SI-4. 
mp = 56 - 57 ºC. 1H NMR (300 MHz, CDCl3): δ 3.90 (d, J = 2.8 Hz, 
2H), 2.31 (s, 2H), 2.17 (br, 2H), 1.46 – 1.34 (m, 4H), 1.34 – 1.24 (m, 4H), 
0.92 (m, 6H). 13C NMR (75 MHz, CDCl3): δ 72.5, 43.4, 30.6, 21.2, 14.4. Rf 
= 0.4 (hex/EtOAc 1:1). HRMS-EI+ m/z calculated for C10H16O2 [M-4H]
+: 
168.1150, found 168.1157. 
 
e) To a solution of SI-4 (0.750 g, 4.36 mmol, 1 equiv) and DMAP (942 mg, 10.68 
mmol, 2.45 equiv) in anhydrous CH2Cl2 (28 mL) at 0 ºC was added dropwise 
thiophosgene (602 mg, 5,23 mmol, 1.2 equiv). The mixture was vigorously stirred at 0 
ºC until full conversion was observed by TLC (2h). The reaction was quenched adding 
silica gel and the crude product was purified by flash column chromatography through 
Florisil® using hexanes/ethyl acetate 90:10 as eluent. Compound (SI-5 (0.867 g, 4 
mmol) was obtained in 93% yield as a yellow oil.  
 
meso-(1R,5S,6R,7S)-6,7-Dipropyl-2,4-dioxabicyclo[3.2.0]heptane-3-thione, SI-5. 
1H NMR (300 MHz, CDCl3): δ 4.89 – 4.80 (s, 2H), 2.80 – 2.66 (m, 
2H), 1.47 – 1.26 (m, 8H), 0.93 (t, J = 7.0 Hz, 6H). 13C NMR (75 MHz, 
CDCl3): δ 193.4, 84.6, 43.4, 29.2, 20.5, 14.0. Rf = 0.8 (hex/EtOAc 
80:20). HRMS-EI+ m/z calculated for C11H18O2S [M]









f) To a solution of SI-5 (0.4 g, 1.9 mmol, 1 equiv) in benzene (0,5 mL/mmol 
thiocarbonate) at room temperature, Corey-Hopkins reagent (3 equiv) was added. The 
mixture was vigorously stirred at room temperature until full conversion was observed 
by TLC (4-6h). The crude product was purified by flash column chromatography using 
n-pentane as eluent. Compound 1e (0.135 g, 0.99 mmol) was obtained in 52% yield as 
a colorless oil.  
meso-(3R,4S)-3,4-Dipropylcyclobut-1-ene, 1e. 
1H NMR (300 MHz, CDCl3): δ 6.17 (s, 2H), 2.89 – 2.76 (m, 2H), 
1.53 – 1.35 (m, 4H), 1.34 – 1.28 (m, 4H), 0.92 (t, J = 7.0 Hz, 6H).13C 
NMR (75 MHz, CDCl3): δ 140.2, 46.8, 32.3, 21.6, 14.5. Rf = 0.9 (Hex). 
HRMS-EI+ m/z calculated for C10H18 [M]
+: 138.1409, found 138.1410.  
 
2.4 Synthesis of meso-(1R,3s,5S)-3-phenylbicyclo[3.2.0]hept-6-en-3-ol, 1l. 
 
 
To a solution of 1i4 (0.4 g, 3.7 mmol, 1 equiv) in THF (1.8 mL/mmol ketone), 
phenylmagnesium bromide (1.34 g, 7.4 mmol, 2 equiv) was added at -78 ºC. The 
mixture was stirred vigorously at -78 ºC until full conversion was observed by TLC (4 
h). The solution was extracted with EtOAc (x3) and the combined organic phases were 
washed with brine (x3). The organic phase was dried over MgSO4 and the solvent 
removed under reduced pressure. The crude product was purified by flash column 
chromatography using hexanes/ethyl acetate 80:20 as eluent. Compound 1l (0.214 g, 
1.15 mmol) was obtained in 31% yield as colorless oil.  
 1H RMN (300 MHz, CDCl3): δ 7.48 (d, J = 7.8 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.23 
(d, J = 7.8 Hz, 1H), 6.47 (d, J = 0.7 Hz, 2H), 3.57 (d, J = 7.1 Hz, 2H), 2.89 (s, 1H), 2.21 
(d, J = 14.2 Hz, 2H), 2.10 (dd, J = 14.2, 7.1 Hz, 2H). 13C RMN (75 MHz, CDCl3): δ 
146.5, 144.2, 128.2, 126.7, 125.2, 86.8, 49.3, 44.3. Rf = 0.6 (hex/EtOAc 80:20).HRMS-
ESI+ m/z calculated for C13H14ONa [M+Na]
















An oven-dried vial was charged with [Cu(CH3CN)4]PF6 (7.5 mg, 0.02 mmol), 
Xantphos (13 mg, 0.022 mmol) and B2pin2 (100 mg, 0.4 mmol) and sealed with a 
septum. The vial was connected to an argon-vacuum line, evacuated and backfilled 
with argon (x3). THF (1 mL) was added and the mixture was stirred for 15 min at room 
temperature. A 0.2 M NaOtBu solution in THF (50 µL, 0.1 mmol) was then added 
dropwise and the dark brown solution was stirred for 10 min. The reaction mixture was 
cooled at –78 C for 10 min and cyclobutene 1a (0.0532 g, 0.2 mmol) was added 
followed by methanol (16 µL, 0.4 mmol). Then, the reaction mixture was stirred 
overnight (16 h) at room temperature. Solvent was removed under reduced pressure 
and the crude product was purified by flash column chromatography using 
hexanes/ethyl acetate 80:20 as eluent. A diastereomeric mixture of (±)-2a and (±)-2a’ 




From 1a (53.2 mg, 0.2 mmol), following the general procedure described above 
compound (±)-2a (26.0 mg, 0.066 mmol) was obtained in 33% yield as a colorless oil. 
 1H RMN (500 MHz, CDCl3): δ 7.32 – 7.27 (m, 4H), 7.24 
(t, J = 7.3 Hz, 4H), 7.20 – 7.16 (m, 2H), 4.57 – 4.42 (m, 4H), 
4.12 – 4.06 (m, 2H), 2.22 – 2.13 (m, 1H), 1.97 – 1.90 (m, 
2H), 1.15 (s, 6H), 1.15 (s, 6H).13C RMN (126 MHz, CDCl3): 
δ 138.8, 138.8, 128.4, 128.3, 127.9, 127.9, 127.5, 127.5, 
83.4, 77.5, 75.6, 71.0, 70.6, 26.9, 24.9, 24.8. Rf = 0.4 
(hex/EtOAc 80:20). HRMS-EI+ m/z calculated for C23H28BO4 
[M-CH3]














From 1a (53.2 mg, 0.2 mmol), following the general procedure described above 
compound (±)-2a’ (4.7 mg, 0.012 mmol) was obtained in 6% yield as a colorless oil.  
1H RMN (500 MHz, CDCl3) δ 7.39 (t, J = 7.0 Hz, 2H), 7.35 
– 7.26 (m, 8H), 4.76 (m, 1H), 4.63 (t, J = 11.5 Hz, 1H), 4.53 – 
4.46 (m, 2H), 4.42 – 4.32 (m, 1H), 4.03 (td, J = 7.5, 4.9 Hz, 
1H), 2.48 (td, J = 10.6, 8.3 Hz, 1H), 2.25 – 2.15 (m, 1H), 1.75 
– 1.66 (m, 1H), 1.23 (s, 6H), 1.21 (s, 6H). 13C RMN (126 MHz, 
CDCl3) δ 139.2, 138.7, 128.2, 128.0, 127.6, 127.6, 127.4, 
127.1, 83.4, 80.1, 74.38, 72.0, 70.1, 29.2, 25.0, 24.9. 
 
4 General procedure for synthesis of chiral cyclobutylboronates, 2 
 
 
An oven-dried vial was charged with [Cu(CH3CN)4]PF6 (7.5 mg, 0.02 mmol, 10.0 
mol%) and the ligand [(R)-DTBM-Segphos or (R)-DM-Segphos] (0.022 mmol, 11.0 
mol%) and sealed with a septum. The vial was connected to an argon-vacuum line, 
evacuated and backfilled with argon (x3). THF (0.7 mL) was added and the mixture 
was stirred for 15 min at room temperature. With the vial still connected to the double 
line, the solvent was removed to dryness. Then, a solution of B2pin2 (2 equiv) in THF (1 
mL) was added and the mixture was stirred for 15 min. A 0.2 M NaOtBu solution in THF 
(50 µL, 0.1 mmol, 0.5 equiv) was then added dropwise and the dark brown solution 
was stirred for 10 min. The reaction mixture was cooled at –78 C for 10 min and the 
corresponding cyclobutene 1 (0.2 mmol, 1.0 equiv) was added followed by methanol 
(16 µL, 0.4 mmol, 2.0 equiv). Then, the reaction mixture was stirred overnight (16 h) at 
the optimal temperature for each case (–20 or 0 ºC). Solvent was removed under 
reduced pressure and crude was purified by flash column chromatography over 




From 1a (53.2 mg, 0.2 mmol), following the general procedure described above 







chromatography (n-pentane/ Et2O 65:35) afforded 2a (75.6 mg, 0.192 mmol) in 96% 
yield as a colorless oil.  
Compound 2a was obtained with a 99:1 enantiomeric ratio 
determined by SFC using Chiralpak-ID column [CO2/MeOH 
(90:10)], 1.0 mL/min, major= 8.8 min, minor= 9.7 min. 
Spectroscopical data correspond with that found in compound 





 From 1b (59.6 mg, 0.2 mmol), following the general procedure described above 
((R)-DTBM-Segphos, 0 C) compound 2a was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 97:3) afforded 2b (44.3 mg, 0.104 mmol) in 52% 
yield as a colorless oil.  
Compound 2b was obtained with a 99:1 enantiomeric 
ratio determined by SFC using Chiralpak-ID column 
[CO2/MeOH (90:10)], 1.0 mL/min, major= 11.6 min, minor= 13.0 
min. [α]20D= -29.0 (c = 1.0, CHCl3).
 1H NMR (300 MHz, 
CDCl3): δ 7.35 – 7.20 (m, 10H), 3.74 (s, 2H), 3.73 (s, 2H), 
3.66 – 3.59 (m, 2H), 2.31 – 2.13 (m, 2H), 2.09 – 1.99 (m, 1H), 
1.24 (s, 6H), 1.23 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 
138.8, 138.6, 129.2, 129.1, 128.5, 128.5, 127.0, 126.9, 83.6, 
46.3, 44.0, 36.2, 35.9, 28.7, 24.9, 24.8. [note: the carbon attached to boron was not 
observed due to quadrupole broadening caused by the 11B nucleus].
 
Rf = 0.8 






 From 1c (41.3 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, 0 C] compound 2c was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 90:10) afforded 2c (47 mg, 0.14 mmol) in 70% yield 
as a colorless oil.  
Compound 2c was obtained with a 97:3 enantiomeric ratio 
determined by SFC using Chiralpak-IC column [CO2/MeOH (99:1)], 
1.0 mL/min, major= 10.7 min, minor= 11.6 min. mp = 75-77 ºC. [α]
20
D 
= -59.4 (c = 1.0, CHCl3). 1H RMN (300 MHz, CDCl3): δ 7.03 (m, 
10H), 4.07 (d, J = 5.5 Hz, 2H), 2.64 – 2.44 (m, 2H), 2.44 – 2.27 (m, 
1H), 1.31 (s, 12H). 13C RMN (75 MHz, CDCl3): δ 141.9, 141.7, 







[note: the carbon attached to boron was not observed due to quadrupole broadening 
caused by the 11B nucleus]. Rf = 0.6 (hex/EtOAc 90:10).HRMS-EI
+ m/z calculated for 
C22H27BO2 [M]
+: 334.2104, found 334.2089. 
2-[(1R,2S,3S)-2,3-Dibenzylcyclobutyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane , 
2d. 
From 1d (46.9 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, -20 C] compound 2d was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 90:10) afforded 2d (65.9 mg, 0.18 mmol) in 91% 
yield as a colorless oil.  
 [α]20D= -22.6 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): 
δ 7.33 – 7.25 (m, 4H), 7.24 – 7.14 (m, 6H), 2.99 – 2.67 (m, 
6H), 2.05 – 1.91 (m, 1H), 1.86 – 1.70 (m, 2H), 1.12 (s, 6H), 
1.10 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 141.50, 141.09, 
128.96, 128.84, 128.33, 128.30, 125.73, 125.68, 82.88, 40.48, 
39.01, 37.72, 35.89, 25.11, 24.78, 24.68. [note: the carbon 
attached to boron was not observed due to quadrupole 
broadening caused by the 11B nucleus]. Rf = 0.6 (hex/EtOAc 90:10). HRMS-EI
+ m/z 
calculated for C24H31BO2 [M]
+: 362.2417, found 362.2411. 
Compound 2d was transformed into SI-6d through oxidation followed by 
benzoylation to determine the enantiomeric ratio (See compound SI-6d). 
 
2-[(1R,2S,3R)-2,3-Dipropylcyclobutyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2e. 
From 1e (27.6 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, -20 C] compound 2e was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 95:5) afforded 2e (45.2 mg, 0.17 mmol) in 85% yield 
as a colorless oil.  
[α]20D= -28.0 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 
2.35 – 2.13 (m, 2H), 1.92 (m, 1H), 1.62 – 1.38 (m, 1H), 1.41 – 0.91 
(m, 21H), 0.80 (m, 6H). 13C NMR (75 MHz, CDCl3): δ 82.9, 39.5, 
37.5, 33.7, 32.3, 26.1, 24.9, 24.8, 20.8, 20.7, 14.6, 14.4. [note: the 
carbon attached to boron was not observed due to quadrupole 
broadening caused by the 11B nucleus]. Rf = 0.6 (hex/EtOAc 
90:10). HRMS-ESI+ m/z calculated for C16H31BO2 [M]
+: 266.2417, 
found 266.2405. 
Compound 2e was transformed into SI-7e through oxidation followed by 










From 1f (28.4 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, -20 C] compound 2f was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 70:30) afforded 2f (50.3 mg, 0.19 mmol) in 93% yield 
as a colorless oil.  
[α]20D= -28.4 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 
3.55 – 3.43 (m, 2H), 3.43 – 3.31 (m, 2H), 3.29 (s, 3H), 3.27 (s, 
3H), 2.74 – 2.60 (m, 2H), 2.08 – 1.96 (m, 1H), 1.78 (td, J = 10.3, 
5.0 Hz, 1H), 1.54 (dt, J = 10.3, 6.7 Hz, 1H), 1.21 (s, 12H). 13C 
NMR (75 MHz, CDCl3): δ 83.2, 73.9, 73.5, 58.9, 58.7, 37.8, 36.1, 
24.9, 24.8, 23.9. [note: the carbon attached to boron was not 
observed due to quadrupole broadening caused by the 11B 
nucleus]. Rf = 0.4 (hex/EtOAc 80:20).HRMS-ESI
+ m/z calculated for C14H27BO4Na 
[M+Na]+: 293.1894, found 293.1898.  
Compound 2f was transformed into SI-7f through oxidation followed by 




From 1g (24.4 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, -20 C] compound 2g was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 90:10) afforded 2g (39.0 mg, 0.156 mmol) in 78% 
yield as a yellow oil.  
 [α]20D= -25.0 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 2.51 
– 2.36 (m, 2H), 2.12 – 1.98 (m, 1H), 1.84 – 1.71 (m, 3H), 1.71 – 1.35 
(m, 7H), 1.25 (s, 6H), 1.25 (s, 6H), 1.12 – 1.01 (m, 2H). 13C NMR (75 
MHz, CDCl3): δ 82.9, 40.6, 38.7, 34.6, 33.3, 32.6, 29.8, 29.5, 25.7, 
24.9, 24.8. Rf = 0.6 (hex/EtOAc 90:10). HRMS-EI
+ m/z calculated for 
C15H29BO2 [M]
+: 250.2104, found 250.2113. 
 
Compound 2g was transformed into SI-7g through oxidation followed by 




From 1h (21.6 mg, 0.2 mmol), following the general procedure described above 
[(R)-DM-Segphos, -20 C] compound 2h was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 95:5) afforded 2h (44.9 mg, 0.19 mmol) in 95% yield 







 [α]20D= -25.2  (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 2.42 
– 2.22 (m, 2H), 1.98 – 1.85 (m, 1H), 1.74 – 1.66 (m, 2H), 1.65 – 1.51 
(m, 2H), 1.52 – 1.29 (m, 6H), 1.24 (s, 12H). 13C NMR (75 MHz, 
CDCl3): δ 82.9, 35.4, 33.4, 28.8, 28.4, 26.8, 24.9, 24.9, 23.2, 22.7. 
[note: the carbon attached to boron was not observed due to 
quadrupole broadening caused by the 11B nucleus]. Rf = 0.6 
(hex/EtOAc 90:10).HRMS-EI+ m/z calculated for C14H25BO2 [M]
+: 
236.1948, found 236.1947. 
Compound 2h was transformed into SI-7h through oxidation followed by 




From 1i (21.6 mg, 0.2 mmol), following the general procedure described above [(R)-
DM-Segphos, 0 C] compound 2i was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 90:10) afforded 2i (43.0 mg, 0.18 mmol) in 91% yield 
as a colorless oil.  
 [α]20D= -24.0  (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 
3.07 – 2.92 (m, 2H), 2.57 – 2.40 (m, 2H), 2.38 – 2.25 (m, 1H), 2.19 
(d, J = 19.2 Hz, 2H), 1.84 – 1.72 (m, 1H), 1.63 – 1.51 (m, 1H), 1.25 
(s, 12H). 13C NMR (75 MHz, CDCl3): δ 221.5, 83.2, 45.9, 45.0, 35.9, 
34.1, 27.7, 24.7. [note: the carbon attached to boron was not 
observed due to quadrupole broadening caused by the 11B nucleus]. 
Rf = 0.6 (hex/EtOAc 90:10). HRMS-EI
+ m/z calculated for C13H21BO3 
[M]+: 236.1584, found 236.1577. 
Compound 2i was transformed into SI-7i through oxidation followed by benzoylation 




From 1j (22.0 mg, 0.2 mmol), following the general procedure described above [(R)-
DM-Segphos, -20 C] compound 2j was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 80:20) afforded 2j (34.8 mg, 0.15 mmol) in 73% yield 
as a yellowish oil.  
[α]20D= -33.0 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 4.52 
– 4.38 (m, 1H), 2.75 (m, 2H), 2.29 – 2.14 (m, 1H), 2.04 – 1.89 (m, 
3H), 1.89 – 1.79 (m, 1H), 1.75 (d, J = 12.5 Hz, 2H), 1.52 (s, 1H), 1.26 
(s, 12H). 13C NMR (75 MHz, CDCl3): δ 83.0, 77.9, 44.3, 43.4, 39.3, 
37.6, 27.1, 24.9. [note: the carbon attached to boron was not 







Rf = 0.6 (hex/EtOAc 80:20). HRMS-ESI
+ m/z calculated for C13H23BO3Na [M+Na]
+: 
261.1632, found 261.1637. 
Compound 2j was transformed into SI-8j through benzoylation followed by oxidation 




From 1k (22.0 mg, 0.2 mmol), following the general procedure 
described above [(R)-DM-Segphos, -20 C] compound 2k was 
obtained. Purification by flash column chromatography (n-pentane/ 
Et2O 80:20) afforded 2k (36.2 mg, 0.15 mmol) in 76% yield as a 
colorless oil.  
[α]20D= -32.3 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 4.85 
– 4.70 (m, 1H), 2.85 – 2.72 (m, 2H), 2.23 – 2.11 (m, 1H), 1.95 – 1.84 
(m, 2H), 1.72 – 1.49 (m, 5H), 1.24 (s, 12H). 13C NMR (75 MHz, 
CDCl3): δ 83.2, 74.2, 43.2, 42.5, 37.9, 36.0, 26.4, 25.0, 24.9. [note: 
the carbon attached to boron was not observed due to quadrupole broadening caused 
by the 11B nucleus]. Rf = 0.6 (hex/EtOAc 80:20). HRMS-ESI
+ m/z calculated for 
C13H23BO3Na [M+Na]
+: 261.1632, found 261.1637. 
Compound 2k was transformed into SI-8k through benzoylation followed by 




From 1l (37.26 mg, 0.2 mmol), following the general procedure described above 
[(R)-DTBM-Segphos, 0 C] compound 2l was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 80:20) afforded 2l (57.2 mg, 0.18 mmol) in 91% yield 
as a yellow solid.  
 Compound 2l was obtained with a 98:2 enantiomeric ratio 
determined by SFC using Chiralpak-ID column [CO2/MeOH (95:5)], 
3.0 mL/min, major= 5.1 min, minor= 6.4 min. mp = 87-89 ºC. [α]
20
D= -
35.2 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 7.48 (d, J = 7.2 
Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 3.05 – 2.93 
(m, 2H), 2.35 – 2.16 (m, 4H), 2.17 – 2.01 (m, 3H), 1.80 (s, 1H), 1.28 
(s, 12H). 13C NMR (75 MHz, CDCl3): δ 148.0, 128.2, 126.7, 125.0, 
87.0, 82.9, 49.8, 49.3, 40.0, 38.3, 26.5, 24.8. [note: the carbon 
attached to boron was not observed due to quadrupole broadening 
caused by the 11B nucleus]. Rf = 0.5 (hex/EtOAc 80:20).HRMS-ESI
+ 
m/z calculated for C19H27BO3Na [M+Na]











5 Derivatizations to determine the enantiomeric excess of cyclobutylboronates 
2d, 2e, 2f, 2g, 2h, 2i, 2j, 2k. 
 
5.1 Synthesis of (1R,2R,3R)-2,3-dibenzylcyclobutan-1-ol, SI-6d. 
 
NaBO3·4H2O (4 equiv) was added to a solution of 2d (65 mg, 0,174 mmol, 1 equiv) 
in THF/H2O (1:1, 10.8 mL/mmol cyclobutylboronate). The reaction mixture was stirred 
overnight at room temperature and then H2O and Et2O were added. The layers were 
separated and the aqueous phase was extracted with Et2O (x3). The combined organic 
phases were washed with brine, dried over Na2SO4, filtered and concentrated in 
vacuum to afford the alcohol. The crude product was purified by flash column 
chromatography using hexanes/Et2O 80:20 as eluent. Compound SI-6d (41 mg, 0.162 
mmol) was obtained in 93% yield as a yellow oil. 
Compound SI-6d was obtained with a 96:4 enantiomeric ratio determined by SFC 
using Chiralpak-IB column [CO2/MeOH (80:20)], 2.0 mL/min, major= 3.9 min, minor= 4.4 
min. [α]20D= -78.8 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) δ 7.37 – 7.13 (m, 10H), 
4.24 (q, J = 7.5 Hz, 1H), 2.97 (d, J = 9.5 Hz, 1H), 2.88 (d, J = 7.5 Hz, 2H), 2.70 – 2.53 
(m, 3H), 2.11 (dd, J = 11.6, 7.5 Hz, 1H), 1.90 – 1.77 (m, 1H), 1.58 (br, 1H). 13C NMR 
(75 MHz, CDCl3) δ 141.1, 140.8, 128.8, 128.7, 128.6, 128.5, 126.1, 126.0, 71.5, 49.5, 
36.6, 35.1, 34.1, 31.0. Rf = 0.6 (hex/EtOAc 80:20).HRMS-ESI
+ m/z calculated for 
C18H20ONa [M+Na]
+: 275.1406, found 275.1413. 
 








NaBO3·4H2O (4 equiv) was added to a solution of the corresponding 
cyclobutylboronate (1 equiv) in THF/H2O (1:1, 10 mL/mmol cyclobutylboronate). The 
reaction mixture was stirred overnight at room temperature and then H2O and Et2O 
were added. The layers were separated and the aqueous phase was extracted with 
Et2O (x3).  The combined organic phases were washed with brine, dried over Na2SO4, 
filtered and concentrated in vacuum to afford the alcohol. The crude product was used 
in the next step without further purification.  
To a solution of corresponding alcohol in CH2Cl2, 4-dimethylaminopyridine (DMAP) 
(2.1 equiv), triethylamine (3 equiv) and the corresponding benzyl chloride (2.0 equiv) 
were added. The reaction mixture was stirred for 30 min at room temperature and then 
quenched with H2O. The aqueous layer was extracted with Et2O (x3) and the combined 
organic phases were washed with brine, dried over Na2SO4, filtered and concentrated 
under reduced pressure. The crude product was purified by flash column 
chromatography. 
(1R,2R,3R)-2,3-Dipropylcyclobutyl benzoate, SI-7e. 
From 2e (50 mg, 0.188 mmol), following the general procedure described above  
compound SI-7e was obtained. Purification by flash column 
chromatography (n-pentane/ Et2O 90:10) afforded SI-7e (42 mg, 
0.161 mmol) in 86% yield as a colorless oil.  
 Compound SI-7e was obtained with a 97:3 enantiomeric ratio 
determined by HPLC using Chiralpak-IC-3 [Hexane/2-propanol 
(99.6:0.4)], 1.0 mL/min, major= 3.5 min, minor= 4.0 min. [α]
20
D= -75.6 
(c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 7.5 Hz, 
2H), 7.55 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 5.02 (q, J = 7.5 Hz, 1H), 2.66 – 
2.51 (m, 1H), 2.30 – 2.12 (m, 2H), 2.12 – 2.01 (m, 1H), 1.61 – 1.39 (m, 4H), 1.34 – 1.25 
(m, 4H), 0.94 (t, J = 7.0 Hz, 3H), 0.90 (t, J = 7.3 Hz, 3H).13C NMR (75 MHz, CDCl3) δ 
166.3, 132.9, 130.8, 129.7, 128.4, 74.3, 44.9, 32.7, 32.6, 30.8, 30.4, 21.2, 21.0, 14.4, 
14.3. Rf = 0.7 (hex/EtOAc 90:10). HRMS-EI
+ m/z calculated for C17H24O2Na [M]
+: 
283.1668 found 283.1680. 
 
(1R,2S,3R)-2,3-Bis(methoxymethyl)cyclobutyl benzoate, SI-7f. 
From 2f (50 mg, 0.18 mmol), following the general procedure described above  
compound SI-7f was obtained. Purification by flash column chromatography (n-
pentane/ Et2O 65:35) afforded SI-7f (37 mg, 0.14 mmol) in 78% yield as a colorless oil. 
Compound SI-7f was obtained with a 97:3 enantiomeric ratio 
determined by SFC using Chiralpak-ID column [CO2/MeOH (95:5)], 
1.0 mL/min, major= 10.5 min, minor= 10.0 min. [α]
20
D= -67.1 (c = 1.0, 
CHCl3).  
1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 7.4 Hz, 2H), 7.55 
(t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 5.18 (q, J = 7.6 Hz, 1H), 
3.62 – 3.46 (m, 4H), 3.37 (s, 3H), 3.34 (s, 3H), 2.96 – 2.84 (m, 1H), 
2.69 – 2.55 (m, 1H), 2.40 – 2.17 (m, 2H).13C NMR (75 MHz, CDCl3) 







44.5, 30.4, 30.1. Rf = 0.5 (hex/EtOAc 65:35). HRMS-ESI
+ m/z calculated for 
C15H20O4Na [M+Na]
+: 287.1253, found 287.1255. 
 
(1R,7R,8R)-Bicyclo[5.2.0]nonan-8-yl benzoate, SI-7g. 
From 2g (39 mg, 0.156 mmol), following the general procedure described above  
compound SI-7g was obtained. Purification by flash column chromatography (n-
pentane/ Et2O 90:10) afforded SI-7g (34 mg, 0.14 mmol) in 90% yield as a yellow oil.  
 Compound SI-7g was obtained with a 97:3 enantiomeric ratio 
determined by SFC using Chiralpak-IC column [CO2/MeOH (99:1)], 
1.0 mL/min, major= 20.0 min, minor= 22.8 min. [α]
20
D= -51.4 (c = 1.0, 
CHCl3).  
1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 7.5 Hz, 2H), 7.55 (t, 
J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 5.02 (q, J = 7.5 Hz, 1H), 2.66 
– 2.51 (m, 1H), 2.30 – 2.12 (m, 2H), 2.12 – 2.01 (m, 1H), 1.61 – 1.39 
(m, 4H), 1.34 – 1.25 (m, 4H), 0.94 (t, J = 7.0 Hz, 3H), 0.90 (t, J = 7.3 
Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 166.5, 132.9, 130.7, 129.7, 
128.4, 74.9, 46.0, 33.3, 33.1, 32.5, 32.1, 31.4, 30.5, 28.3. Rf = 0.7 
(hex/EtOAc 90:10). HRMS-EI+ m/z calculated for C16H20O2 [M]
+: 244.1463, found 
244.1469. 
 
(1R,6R,7R)-Bicyclo[4.2.0]octan-7-yl benzoate, SI-7h. 
From 2h (57 mg, 0.24 mmol), following the general procedure described above 
compound SI-7h was obtained. Purification by flash column chromatography (n-
pentane/ Et2O 90:10) afforded SI-7h (50.6 mg, 0.22 mmol) in 96% yield as a yellow oil.  
Compound SI-7h was obtained with a 96:4 enantiomeric ratio 
determined by SFC using Chiralpak-IC column [CO2/MeOH (99:1)], 
1.0 mL/min, major= 17.7 min, minor= 19.6 min. [α]
20
D= -39.5 (c = 1.0, 
CHCl3).  
1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 7.4 Hz, 2H), 7.55 (t, 
J = 7.4 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 5.31 (q, J = 7.5 Hz, 1H), 2.60 
– 2.49 (m, 1H), 2.26 – 2.14 (m, 1H), 2.15 – 2.06 (m, 2H), 2.04 – 1.92 
(m, 1H), 1.86 – 1.77 (m, 1H), 1.70 – 1.58 (m, 2H), 1.48 – 1.39 (m, 2H), 
1.34 – 1.22 (m, 1H), 1.17 – 1.01 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 
166.4, 132.8, 130.6, 129.6, 128.3, 70.7, 40.7, 34.4, 30.0, 25.2, 24.8, 23.7, 22.5. Rf = 
0.7 (hex/EtOAc 90:10). HRMS-EI+ m/z calculado para C15H18O2 [M]
+: 230.1307, found 
230.1304. 
 
 (1S,5R,6R)-3-Oxobicyclo[3.2.0]heptan-6-yl benzoate, SI-7i. 
From 2i (43 mg, 0.18 mmol), following the general procedure described above  
compound SI-7i was obtained. Purification by flash column chromatography (n-







Compound SI-7i was obtained with a 96:4 enantiomeric ratio 
determined by SFC using Chiralpak-IC column [CO2/MeOH (90:10)], 
1.0 mL/min, major= 18.4 min, minor= 15.6 min. [α]
20
D= -7.9 (c = 1.0, 
CHCl3). 
1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 7.3 Hz, 2H), 7.56 (t, J 
= 7.3 Hz, 1H), 7.45 (t, J = 7.3 Hz, 2H), 4.96 (q, J = 7.1 Hz, 1H), 3.26 – 
3.13 (m, 1H), 3.12 – 2.97 (m, 1H), 2.70 – 2.46 (m, 4H), 2.37 – 2.20 (m, 
2H).13C NMR (75 MHz, CDCl3) δ 218.0, 166.1, 133.3, 130.0, 129.7, 
128.5, 74.6, 44.3, 43.7, 43.1, 34.2, 28.3. Rf = 0.7 (hex/EtOAc 90:10). 
HRMS-EI+ m/z calculated for C14H14O3 [M]
+: 230.0943, found 230.0941. 
 
5.3 General procedure for the synthesis of benzoates SI-8. 
 
To a solution of the alcohol in CH2Cl2, 4-dimethylaminopyridine (DMAP) (2.1 equiv), 
triethylamine (3 equiv) and the benzyl chloride (2.0 equiv) were added. The reaction 
mixture was stirred for 30 min at room temperature and then quenched with H2O. The 
aqueous layer was extracted with Et2O (x3) and the combined organic phases were 
washed with brine, dried over Na2SO4, filtered and concentrated under reduced 
pressure. The crude product was purified by flash column chromatography through 
Florisil® using n-pentane/ethyl ether 90:10 as eluent. 
NaBO3·4H2O (4 equiv) was added to a solution of bezoylated cyclobutylboronate (1 
equiv) in THF/H2O (1:1, 10 mL/mmol cyclobutylboronate). The reaction mixture was 
stirred overnight at room temperature and H2O and Et2O were added. The layers were 
separated and the aqueous phase was extracted with Et2O (x3). The combined organic 
phases were washed with brine, dried over Na2SO4, filtered and concentrated in 
vacuum to afford alcohol SI-8. The crude product was purified by flash column 
chromatography using hexanes/ethyl acetate 70:30 as eluent. 
(1S,3R,5R,6R)-6-Hydroxybicyclo[3.2.0]heptan-3-yl benzoate, SI-8j. 
From 2j (30 mg, 0.125 mmol), following the general procedure described above  
compound SI-8j was obtained. Purification by flash column chromatography (n-
pentane/ Et2O 70:30) afforded SI-8j (15 mg, 0.065 mmol) in 52% yield as a colorless 
oil.  
Compound SI-8j was obtained with a 97:3 enantiomeric ratio 
determined by SFC using Chiralpak-IC column [CO2/MeOH (95:5)], 
3.0 mL/min, major= 6.0 min, minor= 6.9 min. [α]
20








1H NMR (300 MHz, CDCl3) δ 8.02 (d, J = 7.3 Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 
7.44 (t, J = 7.3 Hz, 2H), 5.62 (t, J = 5.1 Hz, 1H), 4.42 – 4.29 (m, 1H), 2.96 – 2.82 (m, 
1H), 2.81 – 2.70 (m, 1H), 2.42 – 2.28 (m, 1H), 2.21 – 1.92 (m, 5H), 1.88 (br, 1H).13C 
NMR (75 MHz, CDCl3) δ 166.3, 133.1, 130.8, 129.6, 128.6, 80.7, 72.6, 49.9, 39.4, 38.4, 
36.4, 31.8. Rf = 0.5 (hex/EtOAc 80:20). HRMS-ESI
+ m/z calculated for C14H16O3Na 
[M+Na]+: 255.0991, found 255.0994. 
 
(1S,3S,5R,6R)-6-Hydroxybicyclo[3.2.0]heptan-3-yl benzoate, SI-8k. 
From 2k (39 mg, 0.164 mmol), following the general procedure described above  
compound SI-8k was obtained. Purification by flash column chromatography (n-
pentane/ Et2O 70:30) afforded SI-8k (30.4 mg, 0.131 mmol) in 78% yield as a yellow 
oil.  
Compound SI-8k was obtained with a 97:3 enantiomeric ratio 
determined by SFC using Chiralpak-ID column [CO2/MeOH (95:5)], 
3.0 mL/min, major= 11.1 min, minor= 10.0 min. [α]
20
D= -12.0 (c = 1.0, 
CHCl3).  
1H NMR (300 MHz, CDCl3) δ 8.02 (d, J = 7.5 Hz, 2H), 7.55 (t, 
J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 5.62 – 5.47 (m, 1H), 4.15 – 
4.01 (m, 1H), 2.93 – 2.81 (m, 1H), 2.81 – 2.69 (m, 1H), 2.21 (m, 1H), 
2.11 (m, 2H), 2.08 – 2.00 (m, 1H), 1.94 – 1.79 (m, 2H), 1.71 (br, 
1H).13C NMR (75 MHz, CDCl3) δ 166.6, 133.0, 130.6, 129.7, 128.5, 
77.2, 72.4, 47.7, 37.7, 36.8, 36.0, 29.5. Rf = 0.5 (hex/EtOAc 80:20).HRMS-ESI
+ m/z 
calculated for C14H16O3Na [M+Na]
+: 255.0991, found 255.0991. 
6 Synthesis of potassium [(1R,7S,8R)-bicyclo[5.2.0]nonan-8-yl]trifluoroborate, 
5.  
 
To a solution of 2g (175 mg, 0.700 mmol, 1.00 equiv) in MeOH (3 mL) in a 20 mL 
vial containing a stir bar. An aqueous solution of KHF2 (4.5M, 4.5 equiv) was added to 
the vial. The solution was stirred at room temperature for 6 h. After the evaporation of 
the solvent under vacuum, the residual pinacol was removed by adding three portions 
of Et2O, retiring the resulting solution. The solid that was obtained was triturated with 
acetone (x7) and filtered through a plug of Celite®. The acetone solution was 
evaporated to yield compound 5 (129 mg, 0.56 mmol) in 80% yield as a white solid. 
[α]20D= +46.8 (c = 1.0, (CH3)2CO). 
1H NMR (300 MHz, (CD3)2CO) δ 2.42 – 2.19 (m, 







1.14 – 0.98 (m, 2H), 0.95 – 0.75 (m, 1H). 13C NMR (75 MHz, (CD3)2CO) δ 41.3, 41.2, 
38.8, 35.9, 34.8, 33.5, 30.8, 26. 9, 26.9. HRMS-ESI- m/z calculated for C9H15BF3 [M-K]
-: 
191.1224, found 191.1238. 
7 Synthesis of (1R,3R,5R,6S)-Bicyclo[3.2.0]heptane-3,6-diol, 8. 6 
 
a) To a solution of 2j (104 mg, 0.44 mmol, 1 equiv) and imidazole (39 mg, 0.57 
mmol, 1.2 equiv) in CH2Cl2 (2 mL) was added TBDMSCl (76.9, 0.51 mmol, 1.1 equiv) 
at room temperature. The reaction mixture was stirred at room temperature until full 
conversion was observed by TLC (4 h). Et2O and water were added and the layers 
were separated. The combined organic phases were washed with brine, dried over 
Na2SO4, filtered and concentrated in vacuum. Solvent was removed under reduced 
pressure and crude was purified by flash column chromatography through Florisil® 
using hexanes/ethyl ether 95:5 as eluent. Compound SI-9 (132 mg, 0.375 mmol) was 
obtained in 87% yield as a colorless oil. 
tert-Butyldimethyl[((1S,3R,5S,6R)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)bicyclo[3.2.0]heptan-3-yl)oxy]silane, SI-9. 
 [α]20D= -28.2 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) δ 4.45 – 
4.34 (m, 1H), 2.80 – 2.63 (m, 2H), 2.17 – 2.02 (m, 2H), 1.89 – 1.79 (m, 
2H), 1.80 – 1.64 (m, 3H), 1.26 (s, 12H), 0.89 (s, 9H), 0.06 (s, 6H). 13C 
NMR (75 MHz, CDCl3) δ 82.9, 77.8, 44.1, 43.4, 39.3, 37.5, 26.7, 26.1, 
24.9, 24.9, 18.2, -4.7. HRMS-ESI+ m/z calculated for C19H37BO3SiNa 
[M+Na]+: 375.2497, found 375.2482. 
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b) NaBO3·4H2O (231 mg, 1.5 mmol, 4 equiv) was added to a solution of 
cyclobutylboronate SI-9 (132 mg, 0.375 mmol, 1 equiv) in THF/H2O (1:1, 4.5 mL). The 
reaction mixture was stirred overnight at room temperature and then H2O and Et2O 
were added (x3). The layers were separated and the aqueous phase was extracted 
with Et2O (x3). The combined organic phases were washed with brine, dried over 
Na2SO4, filtered and concentrated in vacuum to afford alcohol 6. The crude product 
was purified by flash column chromatography using hexanes/ethyl acetate 4:1 as 
eluent. Compound 6 (90.5 mg, 0.375 mmol) was obtained in quantitative yield as a 
colorless oil. 
(1S,3R,5R,6R)-3-[(tert-butyldimethylsilyl)oxy]bicyclo[3.2.0]heptan-6-ol, 6. 
 [α]20D= -14.7  (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) 4.43 – 
4.32 (m, 2H), 2.80 – 2.67 (m, 1H), 2.67 – 2.55 (m, 1H), 2.41 – 2.25 (m, 
1H), 2.07 – 1.90 (m, 1H), 1.84 – 1.73 (m, 3H), 1.68 – 1.56 (m, 2H), 0.89 
(s, 9H), 0.06 (s, 6H). 13C NMR (75 MHz, CDCl3) δ 77.3, 73.0, 50.0, 42.3, 
41.2, 36.5, 31.7, 26.0, 18.1, -4.7, -4.8. HRMS-ESI+ m/z calculated for 
C13H26O2SiNa [M+Na]
+: 265.1594, found 265.1587. 
 
c) DMSO (50 μL, 0.7 mmol, 2 equiv) and (COCl)2 (36 μL, 0.42 mmol, 1,2 equiv) 
were added to a stirred flask with CH2Cl2 (2 mL) at -78 ºC and the mixture was stirred 
at -78 ºC for 30 minutes. A solution of alcohol 6 (86 mg, 0,35 mmol, 1 equiv) in CH2Cl2 
(2 mL) was added slowly to the mixture and it was stirred for 1 h at -78 ºC. Et3N (196 
μL, 1.4 mmol, 4 equiv) was added at -78 ºC and the reaction was stirred at room 
temperature until full conversion was observed by TLC (2h). The reaction was 
quenched with H2O and extracted with Et2O (x3). The combined organic phases were 
washed with brine, dried over Na2SO4, filtered and concentrated in vacuum to afford 
ketone 7. The crude product was purified by flash column chromatography using 
hexanes/ethyl acetate 90:10 as eluent. Compound 7 (74 mg, 0.306 mmol) was 
obtained in 87% yield as a colorless oil.  
(1R,3R,5R)-3-[(tert-butyldimethylsilyl)oxy]bicyclo[3.2.0]heptan-6-one, 7. 
 [α]20D= -71.6  (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) 4.44 
(br, 1H), 3.63 – 3.51 (m, 1H), 3.23 – 2.98 (m, 2H), 2.94 – 2.80 (m, 
1H), 2.15 (d, J = 13.6 Hz, 1H), 1.95 – 1.88 (m, 2H), 1.86 – 1.73 (m, 
1H), 0.84 (s, 9H), 0.04 (s, 3H), 0.03 (s, 3H).
 13C NMR (75 MHz, 
CDCl3) δ 213.6, 76.0, 63.6, 53.3, 41.4, 41.3, 28.7, 25.7, 17.9, -4.9. 
HRMS-EI+ m/z calculated for C13H24O2Si [M]
+: 240.1546, found 
240.1553. 
 
d) A solution of TBAF in THF (1M, 0,25 mL, 0.250 mmol, 1.2 equiv) was added 
slowly to a solution of 7 (50 mg, 0.208 mmol, 1 equiv) in THF (1 mL). The reaction was 
stirred at room temperature until full conversion was observed by TLC (4 h). The 
reaction was quenched with H2O and extracted with Et2O (x3). The combined organic 







vacuum to afford compound SI-10. The residue was purified by flash column 
chromatography on silica gel using hexanes/ethyl acetate 80:20 as eluent. Compound 
SI-10 (61 mg, 0.254 mmol) was obtained in 80% yield as colorless oil. 
 
(1R,3R,5R)-3-Hydroxybicyclo[3.2.0]heptan-6-one, SI-10. 
 The spectral data for SI-10 matched those previously reported.6 [α]20D= 
-108.0  (c = 1.0, CHCl3). ; 
1H NMR (CDCl3, 300 MHz) 4.54 (br, 1H), 3.67 – 
3.54 (m, 1H), 3.20 (ddd, J = 18.0, 9.6, 3.7 Hz, 1H), 3.08 – 2.97 (m, 1H), 
2.96 – 2.85 (m, 1H), 2.19 (d, J = 14.2 Hz, 1H), 2.02 – 1.93 (m, 2H), 1.92 – 
1.84 (m, 1H), 1.82 (s, 1H).  
 
 
e) To a MeOH (0.5 mL) solution containing NaBH4 (8 mg, 0.2 mmol, 1.3 equiv.) at -
78 ºC was added a MeOH (0.1 mL) solution of SI-10 (19 mg, 0.15 mmol, 1 equiv.) 
dropwise over 0.5 h. The mixture was stirred at this temperature until completion was 
observed by TLC (3 h). The reaction was quenched with water (0.3 mL), followed by 
aqueous HCl (1 M, 1 mL/mmol of ketone). The mixture was extracted with Et2O (x3). 
The combined organic extracts were washed with brine, dried over MgSO4 and 
concentrated in vacuum to yield a pale yellow oil. The crude product was purified by 
flash column chromatography on silica gel using hexanes/ethyl acetate 1:1 as eluent. 
Compound 8 (14 mg, 0.109 mmol) was obtained in 73% yield as a colorless oil. 6 
(1R,3R,5R,6S)-Bicyclo[3.2.0]heptane-3,6-diol, 8. 
 The spectral data for 8 matched those previously reported.6 [α]20D= -
34.90  (c = 1.0, CHCl3). 
1H NMR (300 MHz, C6D6) δ 4.53 (br, 1H), 4.26 (br, 
1H), 4.17 (t, J = 4.5 Hz, 1H), 3.36 (br, 1H), 2.98 (q, J = 8.0 Hz, 1H), 2.66 
(dtd, J = 13.2, 9.0, 1.2 Hz, 1H), 2.28 – 2.19 (m, 1H), 2.15 (d, J = 15.1 Hz, 




8 Synthesis of (3aR,5R,6aR)-5-[(tert-butyldimethylsilyl)oxy]hexahydro-2H-
cyclopenta[b]furan-2-one, 9. 7 
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Aqueous 35% hydrogen peroxide (40 mg, 4 equiv.) was added at 0 ºC to a 0.4 M 
solution of cyclobutanone 7 (20 mg, 0.083 mmol) in trifluoroethanol (0.3 mL). The 
resulting reaction mixture was then stirred at 0 ºC until complete conversion was 
observed by TLC (96 h). The solvent was removed under vacuum and the residue was 
dissolved in Et2O and extracted with 1 M aqueous Na2S2O3. The organic layer was 
dried over MgSO4, concentrated in vacuo and purified by flash column chromatography 
using hexanes/ethyl acetate 4:1 as eluent.  
Compound 9 (16.8 mg, 0.066 mmol) was obtained in 80% yield as a yellow oil (9:1 
mixture of regioisomers). Only the major regioisomer was characterized. 1H NMR (300 
MHz, CDCl3) δ 5.05 (t, J = 7.0 Hz, 1H), 4.41 – 4.34 (m, 1H), 3.06 – 2.97 (m, 1H), 2.79 
(dd, J = 18.1, 11.4 Hz, 1H), 2.52 (dd, J = 18.1, 3.9 Hz, 1H), 2.14 (d, J = 14.9 Hz, 1H), 
1.95 – 1.80 (m, 2H), 1.79 – 1.72 (m, 1H), 0.86 (s, 9H), 0.05 (s, 3H), 0.05 (s, 3H). 13C 
NMR (75 MHz, CDCl3) δ 177.7, 85.3, 74.2, 43.0, 42.6, 37.2, 37.0, 25.8, 18.1, -4.8, -5.0. 
Rf = 0.6 (hex/EtOAc 4:1). HRMS-ESI
+ m/z calculated for C13H24O3SiNa [M+Na]
+: 




















































































































































































































































































































































































































































































































































































11 X-RAY DATA 
11.1 Crystal Structure Report for compound 3.8 
 




NaBO3·4H2O (125 mg, 0.81 mmol, 4 equiv) was added to a solution of 
cyclobutylboronate 2c (68 mg, 0.203 mmol) in THF/H2O (1:1, 2.1 mL). The reaction 
mixture was stirred overnight at room temperature and then H2O and Et2O were added 
(x3). The layers were separated and the aqueous phase was extracted with Et2O (x3). 
The combined organic phases were washed with brine, dried over Na2SO4, filtered and 
concentrated in vacuum. The crude product was used in the next step without further 
purification.  
To a solution of the crude product in CH2Cl2 (1 mL), 4-dimethylaminopyridine 
(DMAP) (52.2 mg, 0.43 mmol, 2.1 equiv), triethylamine (62 mg, 0.61 mmol, 3 equiv) 
and 4-bromobenzoyl chloride (90 mg, 0.41 mmol, 2.0 equiv) were added. The reaction 
mixture was stirred for 30 min at room temperature and then quenched with H2O. The 
aqueous layer was extracted with Et2O (x3) and the combined organic phases were 
washed with brine, dried over Na2SO4, filtered and concentrated under reduced 
pressure. The crude product was purified by flash column chromatography using n-
pentane/Et2O 90:10 as eluent to give compound 3 (76 mg, 0.161 mmol) in 92% overall 
yield as a yellow solid. This solid was recrystallized (hexane/Et2O) in order to obtain 
appropriate crystals for X-ray analysis. 
(1R,2S,3R)-2,3-Diphenylcyclobutyl-4-bromobenzoate, 3. 
mp = 125-127 ºC. [α]20D= -106.6 (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) δ 
7.93 (d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.20 – 7.00 (m, 8H), 6.94 (d, J = 7.9 
Hz, 2H), 5.96 (q, J = 8.2 Hz, 1H), 4.25 (t, J = 9.4 Hz, 1H), 3.97 (td, J = 10.0, 2.3 Hz, 
1H), 2.98 – 2.89 (m, 1H), 2.74 – 2.63 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 165.4, 
139.8, 137.8, 131.9, 131.4, 129.2, 128.5, 128.3, 128.2, 128.0, 127.8, 126.5, 126.3, 
71.1, 51.8, 39.1, 32.7. Rf = 0.5 (hex/EtOAc 90:10).HRMS-ESI
+ m/z calculated for 
C23H19BrO2Na [M+Na]
+: 429.0466, found 429.0455. 
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 CCDC 1442992 contains the supplementary crystallographic data. These data can be 















A clear colourless prismatic-like specimen of C23H19BrO2, approximate dimensions 
0.20 mm x 0.23 mm x 0.37 mm, was used for the X-ray crystallographic analysis. The 
X-ray intensity data were measured. 
Table S1: Data collection details for 3. 
 
Axis dx/mm 2θ/° ω/° φ/° χ/° Width/° Frames Time/s Wavelength/Å Voltage/kV Current/mA Temperature/K 
Phi 34.840 10.50 21.15 -23.06 -50.00 0.50 739 10.00 0.71073 50 30.0 n/a 
Phi 34.840 20.50 12.48 -331.13 28.87 0.50 704 10.00 0.71073 50 30.0 n/a 
Phi 34.840 13.00 13.95 -39.72 -74.52 0.50 739 10.00 0.71073 50 30.0 n/a 
Omega 34.840 -17.00 -17.05 -107.45 -99.07 0.50 80 10.00 0.71073 50 30.0 n/a 
Omega 34.840 5.50 4.03 -182.80 -61.97 0.50 86 10.00 0.71073 50 30.0 n/a 
Phi 34.840 3.00 5.28 -104.81 -65.24 0.50 92 10.00 0.71073 50 30.0 n/a 
Omega 34.840 20.50 -37.87 -65.82 79.36 0.50 118 10.00 0.71073 50 30.0 n/a 
Omega 34.840 -9.50 -11.00 -36.14 -78.81 0.50 96 10.00 0.71073 50 30.0 n/a 
Omega 34.840 5.50 -70.58 -63.39 21.35 0.50 131 10.00 0.71073 50 30.0 n/a 
Phi 34.840 23.00 134.78 -33.67 -66.84 0.50 739 10.00 0.71073 50 30.0 n/a 
 
A total of 3524 frames were collected. The total exposure time was 9.79 hours. The 
frames were integrated with the Bruker SAINT software package using a narrow-frame 
algorithm. The integration of the data using a monoclinic unit cell yielded a total of 
62716 reflections to a maximum θ angle of 25.35 (0.83 Å resolution), of which 6896 
were independent (average redundancy 9.095, completeness = 99.9%, Rint =3.79%, 
Rsig = 2.28%) and 5515 (79.97%) were greater than 2σ(F
2). The final cell constants of a 
= 17.2177(9) Å, b = 5.7905(4) Å, c =20.7116(12) Å, β = 113.158(2) , volume = 
1898.5(2) Å3, are based upon the refinement of the XYZ-centroids of 9888 reflections 
above 20 σ(I) with 4.733 < 2θ < 44.78. Data were corrected for absorption effects using 
the multi-scan method (SADABS). The ratio of minimum to maximum apparent 
transmission was 0.760. The calculated minimum and maximum transmission 
coefficients (based on crystal size) are 0.4995 and 0.6698. The structure was solved 
and refined using the Bruker SHELXTL Software Package, using the space group P 1 
21 1, with Z = 4 for the formula unit, C23H19BrO2. The final anisotropic full-matrix least-







squares refinement on F2 with 469 variables converged at R1 = 3.13%, for the 
observed data and wR2 = 9.02% for all data. The goodness-of-fit was 1.035. The 
largest peak in the final difference electron density synthesis was 0.233 e-/Å3 and the 
largest hole was -0.489 e-/Å3 with an RMS deviation of 0.059 e-/Å3. On the basis of the 
final model, the calculated density was 1.425 g/cm3 and F(000), 832 e-. 
 
Table S2. Sample and crystal data for 3. 
 
Chemical formula C23H19BrO2 
Formula weight 407.29 
Temperature 296(2) K 
Wavelength 0.71073 Å 
Crystal size 0.20 x 0.23 x 0.37 mm 
Crystal habit clear colourless prismatic 
Crystal system monoclinic 
Space group P 1 21 1 
Unit cell dimensions a = 17.2177(9) Å 
 
b = 5.7905(4) Å α = 90° 
 
c = 20.7116(12) Å β = 113.158(2)° 
Volume 1898.5(2) Å
3
 γ = 90° 
Z 4 
 
Density (calculated) 1.425 Mg/cm
3
 






Table S3. Data collection and structure refinement for 3. 
 
Theta range for data collection 1.97 to 25.35° 
Index ranges -20<=h<=20, -6<=k<=6, -24<=l<=24 
Reflections collected 62716 
Independent reflections 6896 [R(int) = 0.0379] 
Coverage of independent reflections 99.9% 
Absorption correction multi-scan 
Max. and min. transmission 0.6698 and 0.4995 
Structure solution technique direct methods 
Structure solution program SHELXS-97 (Sheldrick, 2008) 









Refinement program SHELXL-97 (Sheldrick, 2008) 












Final R indices 5515 data; I>2σ(I) R1 = 0.0313, wR2 = 0.0759 
 












Absolute structure parameter -0.0(0) 
Largest diff. peak and hole 0.233 and -0.489 eÅ
-3
 





Table S4. Atomic coordinates and equivalent isotropic atomic displacement 
parameters (Å2) for 3. 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 
x/a y/b z/c U(eq) 
Br1 0.63021(3) 0.41688(9) 0.94652(3) 0.1087(2) 
Br2 0.19092(2) 0.45416(10) 0.003996(17) 0.09567(18) 
C1 0.5186(2) 0.2951(7) 0.91389(18) 0.0657(9) 
C2 0.4588(2) 0.4115(7) 0.92904(17) 0.0672(9) 
C3 0.3779(2) 0.3231(6) 0.90569(18) 0.0626(9) 
C4 0.35756(19) 0.1222(6) 0.86702(15) 0.0506(7) 
C5 0.4196(2) 0.0084(7) 0.85281(18) 0.0684(10) 
C6 0.5001(2) 0.0936(7) 0.8771(2) 0.0773(11) 
C7 0.26947(19) 0.0374(5) 0.84221(15) 0.0501(7) 
C8 0.16907(18) 0.7759(6) 0.76937(16) 0.0493(7) 
C9 0.1315(2) 0.6632(6) 0.81748(17) 0.0591(8) 
C10 0.08631(18) 0.4913(6) 0.75805(15) 0.0517(7) 
C11 0.15755(18) 0.5484(5) 0.72982(15) 0.0477(7) 
C12 0.14281(16) 0.5331(5) 0.65397(14) 0.0438(6) 
C13 0.0980(2) 0.6957(6) 0.60511(16) 0.0536(7) 
C14 0.0854(2) 0.6729(6) 0.53528(17) 0.0624(9) 
C15 0.1168(2) 0.4850(7) 0.51358(17) 0.0655(9) 
C16 0.1613(2) 0.3208(6) 0.5612(2) 0.0688(9) 








x/a y/b z/c U(eq) 
C18 0.99722(18) 0.5489(5) 0.70924(16) 0.0481(7) 
C19 0.95196(19) 0.3919(6) 0.65835(19) 0.0626(9) 
C20 0.86929(19) 0.4354(7) 0.61319(19) 0.0722(9) 
C21 0.8302(2) 0.6360(7) 0.6183(2) 0.0665(9) 
C22 0.8745(2) 0.7948(6) 0.6687(2) 0.0674(9) 
C23 0.9570(2) 0.7506(6) 0.71337(19) 0.0597(8) 
C24 0.07502(17) 0.4168(7) 0.94607(13) 0.0563(8) 
C25 0.0192(2) 0.5820(6) 0.94721(17) 0.0634(9) 
C26 0.9348(2) 0.5536(6) 0.90705(17) 0.0595(8) 
C27 0.90643(17) 0.3591(5) 0.86567(14) 0.0462(7) 
C28 0.96415(19) 0.1945(6) 0.86507(16) 0.0521(7) 
C29 0.04851(19) 0.2234(7) 0.90494(16) 0.0590(8) 
C30 0.8134(2) 0.3323(6) 0.82739(16) 0.0541(8) 
C31 0.70089(17) 0.1042(6) 0.75359(15) 0.0558(8) 
C32 0.67817(15) 0.8897(5) 0.70764(13) 0.0458(7) 
C33 0.61974(18) 0.8099(6) 0.74608(15) 0.0565(8) 
C34 0.6622(2) 0.0005(9) 0.80066(16) 0.0868(14) 
C35 0.64768(14) 0.9159(5) 0.62955(12) 0.0395(6) 
C36 0.60017(17) 0.7455(5) 0.58476(15) 0.0468(7) 
C37 0.57708(19) 0.7620(6) 0.51260(16) 0.0559(8) 
C38 0.60122(18) 0.9483(7) 0.48475(14) 0.0568(8) 
C39 0.6478(2) 0.1211(6) 0.52826(17) 0.0569(8) 
C40 0.67059(18) 0.1047(5) 0.60012(15) 0.0486(7) 
C41 0.52539(17) 0.8168(5) 0.71150(14) 0.0437(7) 
C42 0.4795(2) 0.6364(6) 0.72272(17) 0.0572(8) 
C43 0.3922(2) 0.6379(7) 0.6949(2) 0.0685(10) 
C44 0.3496(2) 0.8196(7) 0.65580(19) 0.0654(10) 
C45 0.39305(18) 0.9986(7) 0.64366(17) 0.0634(9) 
C46 0.48070(17) 0.9996(6) 0.67128(15) 0.0547(7) 
O1 0.25490(12) 0.8550(4) 0.79899(11) 0.0561(6) 
O2 0.21569(14) 0.1223(4) 0.85813(13) 0.0684(6) 
O3 0.79124(12) 0.1480(4) 0.78542(11) 0.0553(5) 









Table S5. Bond lengths (Å) for 3. 
 
Br1-C1 1.905(3) Br2-C24 1.893(3) 
C1-C6 1.360(5) C1-C2 1.366(5) 
C2-C3 1.381(5) C2-H2 0.93 
C3-C4 1.377(4) C3-H3 0.93 
C4-C5 1.382(4) C4-C7 1.481(4) 
C5-C6 1.367(5) C5-H5 0.93 
C6-H6 0.93 C7-O2 1.203(4) 
C7-O1 1.342(4) C8-O1 1.434(3) 
C8-C11 1.523(4) C8-C9 1.531(4) 
C8-H8 0.98 C9-C10 1.536(5) 
C9-H9A 0.97 C9-H9B 0.97 
C10-C18 1.505(4) C10-C11 1.587(4) 
C10-H10 0.98 C11-C12 1.492(4) 
C11-H11 0.98 C12-C13 1.376(4) 
C12-C17 1.392(4) C13-C14 1.382(4) 
C13-H13 0.93 C14-C15 1.367(5) 
C14-H14 0.93 C15-C16 1.367(5) 
C15-H15 0.93 C16-C17 1.376(5) 
C16-H16 0.93 C17-H17 0.93 
C18-C19 1.378(4) C18-C23 1.378(5) 
C19-C20 1.385(4) C19-H19 0.93 
C20-C21 1.367(5) C20-H20 0.93 
C21-C22 1.375(5) C21-H21 0.93 
C22-C23 1.381(5) C22-H22 0.93 
C23-H23 0.93 C24-C25 1.363(5) 
C24-C29 1.372(5) C25-C26 1.372(5) 
C25-H25 0.93 C26-C27 1.383(4) 
C26-H26 0.93 C27-C28 1.381(4) 







C28-H28 0.93 C29-H29 0.93 
C30-O4 1.198(4) C30-O3 1.334(4) 
C31-O3 1.453(3) C31-C34 1.505(5) 
C31-C32 1.519(4) C31-H31 0.98 
C32-C35 1.499(4) C32-C33 1.578(4) 
C32-H32 0.98 C33-C41 1.496(4) 
C33-C34 1.543(5) C33-H33 0.98 
C34-H34A 0.97 C34-H34B 0.97 
C35-C36 1.381(4) C35-C40 1.382(4) 
C36-C37 1.390(4) C36-H36 0.93 
C37-C38 1.363(5) C37-H37 0.93 
C38-C39 1.374(5) C38-H38 0.93 
C39-C40 1.385(4) C39-H39 0.93 
C40-H40 0.93 C41-C46 1.379(4) 
C41-C42 1.383(4) C42-C43 1.383(5) 
C42-H42 0.93 C43-C44 1.354(5) 
C43-H43 0.93 C44-C45 1.359(5) 
C44-H44 0.93 C45-C46 1.388(4) 
C45-H45 0.93 C46-H46 0.93 
 
Table S6. Bond angles (°) for 3 
C6-C1-C2 121.3(3) C6-C1-Br1 119.8(3) 
C2-C1-Br1 118.8(3) C1-C2-C3 118.9(3) 
C1-C2-H2 120.5 C3-C2-H2 120.5 
C4-C3-C2 120.5(3) C4-C3-H3 119.8 
C2-C3-H3 119.8 C3-C4-C5 119.1(3) 
C3-C4-C7 118.2(3) C5-C4-C7 122.7(3) 
C6-C5-C4 120.4(3) C6-C5-H5 119.8 
C4-C5-H5 119.8 C5-C6-C1 119.7(3) 
C5-C6-H6 120.1 C1-C6-H6 120.1 
O2-C7-O1 122.8(3) O2-C7-C4 124.3(3) 
O1-C7-C4 112.9(3) O1-C8-C11 113.6(2) 
O1-C8-C9 119.0(2) C11-C8-C9 89.0(2) 







C9-C8-H8 111.1 C10-C9-C8 88.0(2) 
C10-C9-H9A 114.0 C8-C9-H9A 114.0 
C10-C9-H9B 114.0 C8-C9-H9B 114.0 
H9A-C9-H9B 111.2 C18-C10-C9 117.1(3) 
C18-C10-C11 115.9(2) C9-C10-C11 86.5(2) 
C18-C10-H10 111.7 C9-C10-H10 111.7 
C11-C10-H10 111.7 C12-C11-C8 123.4(3) 
C12-C11-C10 122.6(2) C8-C11-C10 86.4(2) 
C12-C11-H11 107.4 C8-C11-H11 107.4 
C10-C11-H11 107.4 C13-C12-C17 118.0(3) 
C13-C12-C11 123.2(3) C17-C12-C11 118.8(3) 
C14-C13-C12 121.1(3) C14-C13-H13 119.5 
C12-C13-H13 119.5 C13-C14-C15 120.0(3) 
C13-C14-H14 120.0 C15-C14-H14 120.0 
C16-C15-C14 119.9(3) C16-C15-H15 120.1 
C14-C15-H15 120.1 C17-C16-C15 120.3(3) 
C17-C16-H16 119.9 C15-C16-H16 119.9 
C16-C17-C12 120.7(3) C16-C17-H17 119.6 
C12-C17-H17 119.6 C19-C18-C23 117.4(3) 
C19-C18-C10 119.2(3) C23-C18-C10 123.4(3) 
C18-C19-C20 121.2(3) C18-C19-H19 119.4 
C20-C19-H19 119.4 C21-C20-C19 120.6(3) 
C21-C20-H20 119.7 C19-C20-H20 119.7 
C22-C21-C20 118.9(3) C22-C21-H21 120.5 
C20-C21-H21 120.5 C21-C22-C23 120.2(3) 
C21-C22-H22 119.9 C23-C22-H22 119.9 
C22-C23-C18 121.7(3) C22-C23-H23 119.2 
C18-C23-H23 119.2 C25-C24-C29 121.3(3) 
C25-C24-Br2 118.9(3) C29-C24-Br2 119.8(3) 
C24-C25-C26 119.4(3) C24-C25-H25 120.3 
C26-C25-H25 120.3 C25-C26-C27 120.3(3) 
C25-C26-H26 119.8 C27-C26-H26 119.8 
C26-C27-C28 119.2(3) C26-C27-C30 117.3(3) 







C29-C28-H28 119.8 C27-C28-H28 119.8 
C28-C29-C24 119.3(3) C28-C29-H29 120.4 
C24-C29-H29 120.4 O4-C30-O3 123.2(3) 
O4-C30-C27 123.1(3) O3-C30-C27 113.7(3) 
O3-C31-C34 116.3(3) O3-C31-C32 113.1(2) 
C34-C31-C32 90.5(3) O3-C31-H31 111.7 
C34-C31-H31 111.7 C32-C31-H31 111.7 
C35-C32-C31 119.2(3) C35-C32-C33 123.5(2) 
C31-C32-C33 88.9(2) C35-C32-H32 107.8 
C31-C32-H32 107.8 C33-C32-H32 107.8 
C41-C33-C34 116.3(3) C41-C33-C32 122.6(2) 
C34-C33-C32 87.0(2) C41-C33-H33 109.6 
C34-C33-H33 109.6 C32-C33-H33 109.6 
C31-C34-C33 90.8(2) C31-C34-H34A 113.5 
C33-C34-H34A 113.5 C31-C34-H34B 113.5 
C33-C34-H34B 113.5 H34A-C34-H34B 110.8 
C36-C35-C40 117.7(2) C36-C35-C32 121.1(3) 
C40-C35-C32 121.1(2) C35-C36-C37 121.1(3) 
C35-C36-H36 119.5 C37-C36-H36 119.5 
C38-C37-C36 120.2(3) C38-C37-H37 119.9 
C36-C37-H37 119.9 C37-C38-C39 119.7(3) 
C37-C38-H38 120.2 C39-C38-H38 120.2 
C40-C39-C38 120.1(3) C40-C39-H39 120.0 
C38-C39-H39 120.0 C39-C40-C35 121.2(3) 
C39-C40-H40 119.4 C35-C40-H40 119.4 
C46-C41-C42 117.5(3) C46-C41-C33 123.5(3) 
C42-C41-C33 118.9(3) C41-C42-C43 121.6(3) 
C41-C42-H42 119.2 C43-C42-H42 119.2 
C44-C43-C42 120.0(3) C44-C43-H43 120.0 
C42-C43-H43 120.0 C45-C44-C43 119.7(3) 
C45-C44-H44 120.2 C43-C44-H44 120.2 
C44-C45-C46 121.0(3) C44-C45-H45 119.5 
C46-C45-H45 119.5 C41-C46-C45 120.3(3) 







C7-O1-C8 115.3(2) C30-O3-C31 114.6(2) 
 
Table S7. Anisotropic atomic displacement parameters (Å2) for 3. 
The anisotropic atomic displacement factor exponent takes the form: -2π2[ h2 a*2 U11 + 
... + 2 h k a* b* U12 ] 
 
 
U11 U22 U33 U23 U13 U12 
Br1 0.0672(2) 0.1335(4) 0.1303(4) -0.0542(4) 0.0442(2) -0.0330(3) 
Br2 0.05382(19) 0.1707(5) 0.05071(18) -0.0132(3) 0.00795(15) -0.0373(3) 
C1 0.059(2) 0.080(2) 0.061(2) -0.0134(19) 0.0261(17) -0.0109(18) 
C2 0.064(2) 0.061(2) 0.070(2) -0.0163(19) 0.0191(16) -0.0057(19) 
C3 0.0556(19) 0.060(2) 0.071(2) -0.0104(18) 0.0234(17) 0.0075(16) 
C4 0.0520(17) 0.0582(19) 0.0424(16) 0.0002(15) 0.0193(14) 0.0033(15) 
C5 0.070(2) 0.081(3) 0.067(2) -0.0255(19) 0.0406(17) -0.0145(19) 
C6 0.068(2) 0.092(3) 0.088(3) -0.033(2) 0.048(2) -0.018(2) 
C7 0.0488(17) 0.0549(19) 0.0423(16) 0.0058(15) 0.0133(13) 0.0068(14) 
C8 0.0439(16) 0.0564(18) 0.0470(16) -0.0004(14) 0.0172(13) -0.0003(14) 
C9 0.0530(18) 0.079(2) 0.0486(18) 0.0037(16) 0.0236(15) 0.0032(16) 
C10 0.0541(16) 0.0519(19) 0.0570(16) 0.0114(15) 0.0301(14) 0.0044(15) 
C11 0.0426(15) 0.0518(17) 0.0491(16) 0.0042(13) 0.0184(13) 0.0018(13) 
C12 0.0330(13) 0.0475(16) 0.0520(16) -0.0001(13) 0.0179(12) -0.0040(12) 
C13 0.0561(18) 0.0511(18) 0.0553(19) 0.0027(15) 0.0236(15) 0.0069(14) 
C14 0.062(2) 0.070(2) 0.056(2) 0.0091(17) 0.0240(17) 0.0067(17) 
C15 0.073(2) 0.076(2) 0.0536(17) -0.0104(19) 0.0310(16) -0.006(2) 
C16 0.083(2) 0.060(2) 0.071(2) -0.0123(19) 0.040(2) 0.0050(19) 
C17 0.0573(18) 0.0496(18) 0.063(2) -0.0001(15) 0.0245(16) 0.0054(14) 
C18 0.0472(16) 0.0465(17) 0.0604(18) 0.0059(15) 0.0316(14) 0.0001(14) 
C19 0.0525(17) 0.0497(19) 0.092(2) -0.0108(18) 0.0345(17) -0.0016(15) 
C20 0.0490(17) 0.074(2) 0.092(2) -0.022(2) 0.0267(17) -0.008(2) 
C21 0.0430(17) 0.080(2) 0.081(2) 0.003(2) 0.0299(17) 0.0040(18) 
C22 0.054(2) 0.059(2) 0.095(3) -0.004(2) 0.036(2) 0.0081(17) 
C23 0.0550(19) 0.0552(19) 0.073(2) -0.0105(17) 0.0290(17) -0.0019(16) 
C24 0.0441(14) 0.087(2) 0.0334(13) 0.0010(18) 0.0108(11) -0.0193(19) 
C25 0.068(2) 0.067(2) 0.0500(18) -0.0158(16) 0.0174(16) -0.0195(18) 








U11 U22 U33 U23 U13 U12 
C27 0.0447(15) 0.0536(18) 0.0354(14) -0.0033(13) 0.0104(12) -0.0011(13) 
C28 0.0458(16) 0.060(2) 0.0462(16) -0.0145(15) 0.0139(14) -0.0061(15) 
C29 0.0403(16) 0.083(2) 0.0507(18) -0.0131(18) 0.0148(14) -0.0035(16) 
C30 0.0481(17) 0.061(2) 0.0432(16) -0.0052(15) 0.0072(14) 0.0063(16) 
C31 0.0321(15) 0.082(2) 0.0423(16) -0.0153(16) 0.0031(12) 0.0050(14) 
C32 0.0302(12) 0.0639(19) 0.0386(13) -0.0004(14) 0.0087(10) 0.0060(13) 
C33 0.0407(15) 0.086(2) 0.0383(16) 0.0110(16) 0.0109(13) 0.0072(16) 
C34 0.0479(17) 0.168(5) 0.0448(16) -0.024(2) 0.0180(14) -0.010(2) 
C35 0.0269(11) 0.0505(16) 0.0384(12) -0.0037(13) 0.0097(10) 0.0046(12) 
C36 0.0395(15) 0.0497(17) 0.0492(17) -0.0038(14) 0.0155(13) -0.0035(13) 
C37 0.0480(17) 0.067(2) 0.0444(17) -0.0172(16) 0.0097(14) -0.0084(15) 
C38 0.0531(16) 0.075(2) 0.0391(13) 0.0034(18) 0.0146(12) 0.0086(18) 
C39 0.0602(19) 0.061(2) 0.0520(18) 0.0104(16) 0.0250(16) 0.0031(16) 
C40 0.0438(16) 0.0498(17) 0.0471(17) -0.0084(14) 0.0124(13) -0.0058(13) 
C41 0.0391(14) 0.0541(17) 0.0383(15) 0.0006(13) 0.0156(12) 0.0006(13) 
C42 0.062(2) 0.0561(19) 0.0562(19) 0.0051(15) 0.0259(16) 0.0072(16) 
C43 0.058(2) 0.070(2) 0.082(3) -0.012(2) 0.033(2) -0.0226(19) 
C44 0.0375(16) 0.093(3) 0.065(2) -0.008(2) 0.0196(15) -0.0069(17) 
C45 0.0433(16) 0.079(2) 0.0633(18) 0.0092(18) 0.0161(14) 0.0083(17) 
C46 0.0416(14) 0.062(2) 0.0594(17) 0.0088(16) 0.0187(13) 0.0003(14) 
O1 0.0462(11) 0.0661(15) 0.0580(12) -0.0119(11) 0.0227(10) -0.0040(10) 
O2 0.0514(13) 0.0682(15) 0.0833(16) -0.0130(12) 0.0242(12) 0.0099(11) 
O3 0.0380(11) 0.0736(15) 0.0483(11) -0.0187(11) 0.0104(9) -0.0012(10) 
O4 0.0577(13) 0.0942(19) 0.0894(17) -0.0322(17) -0.0049(12) 0.0298(15) 
 
 
Table S8. Hydrogen atomic coordinates and isotropic atomic displacement 
parameters (Å2) for 3. 
 
x/a y/b z/c U(eq) 
H2 0.4723 1.5482 0.9547 0.081 
H3 0.3368 1.3998 0.9161 0.075 
H5 0.4066 0.8730 0.8265 0.082 







H8 0.1313 0.8952 0.7399 0.059 
H9A 0.1732 0.5928 0.8593 0.071 
H9B 0.0936 0.7628 0.8292 0.071 
H10 0.0909 0.3325 0.7756 0.062 
H11 0.2065 0.4511 0.7559 0.057 
H13 0.0757 0.8230 0.6193 0.064 
H14 0.0556 0.7855 0.5030 0.075 
H15 0.1079 0.4688 0.4665 0.079 
H16 0.1825 0.1929 0.5464 0.083 
H17 0.2055 0.2319 0.6629 0.068 
H19 -0.0226 0.2541 0.6543 0.075 
H20 -0.1599 0.3273 0.5791 0.087 
H21 -0.2255 0.6645 0.5881 0.08 
H22 -0.1512 0.9322 0.6726 0.081 
H23 -0.0138 0.8599 0.7471 0.072 
H25 1.0382 0.7130 0.9750 0.076 
H26 0.8964 0.6657 0.9077 0.071 
H28 0.9456 0.0631 0.8374 0.063 
H29 1.0874 0.1131 0.9041 0.071 
H31 0.6694 0.2399 0.7285 0.067 
H32 0.7278 -0.2114 0.7232 0.055 
H33 0.6380 -0.3421 0.7675 0.068 
H34A 0.6222 0.1020 0.8090 0.104 
H34B 0.7035 -0.0580 0.8446 0.104 
H36 0.5833 -0.3824 0.6032 0.056 
H37 0.5451 -0.3544 0.4832 0.067 
H38 0.5863 -0.0416 0.4365 0.068 
H39 0.6639 0.2492 0.5095 0.068 
H40 0.7019 0.2228 0.6291 0.058 
H42 0.5081 -0.4890 0.7497 0.069 
H43 0.3628 -0.4858 0.7029 0.082 
H44 0.2908 -0.1781 0.6374 0.078 
H45 0.3636 0.1224 0.6164 0.076 







11.2 Crystal Structure Report for compound 4.9 
 




NaBO3·4H2O (78.8 mg, 0.51 mmol, 4 equiv) was added to a solution of 
cyclobutylboronate (40 mg, 0.128 mmol, 1 equiv) in THF/H2O (1:1, 1.3 mL). The 
reaction mixture was stirred overnight at room temperature and then H2O and Et2O 
were added. The layers were separated and the aqueous phase was extracted with 
Et2O (x3). The combined organic phases were washed with brine, dried over Na2SO4, 
filtered and concentrated in vacuum. The crude product was used in the next step 
without further purification.  
To a solution of alcohol in CH2Cl2 (1 mL), 4-dimethylaminopyridine (DMAP) (32.9 
mg, 0.27 mmol, 2.1 equiv), triethylamine (39 mg, 0.38 mmol, 3 equiv) and 4-
bromobenzoyl chloride (57 mg, 0.26 mmol, 2.0 equiv) were added. The reaction 
mixture was stirred for 30 min at room temperature and then quenched with H2O. The 
aqueous layer was extracted with Et2O (x3) and the combined organic phases were 
washed with brine, dried over Na2SO4, filtered and concentrated under reduced 
pressure. The crude product was purified by flash column chromatography using n-
pentane/Et2O 90:10 as eluent to give compound 4 (37 mg, 0.096 mmol) in 75% overall 
yield as a yellow solid. This solid was recrystallized (hexane/Et2O) in order to obtain 
appropriate crystals for X-ray analysis.  
(1S,3R,5R,6R)-3-Hydroxy-3-phenylbicyclo[3.2.0]heptan-6-yl-4-bromobenzoate, 4. 
mp = 99-100 ºC. [α]20D= -40.2  (c = 1.0, CHCl3). 
1H NMR (300 MHz, CDCl3) δ 7.92 
(d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 7.1 Hz, 2H), 7.36 (t, J = 7.4 
Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 5.56 – 5.43 (m, 1H), 3.17 – 3.01 (m, 2H), 2.68 – 2.59 
(m, 1H), 2.53 – 2.43 (m, 1H), 2.42 – 2.23 (m, 2H), 2.22 – 2.09 (m, 2H).13C NMR (75 
MHz, CDCl3) δ 165.7, 147.0, 131.8, 131.2, 129.6, 128.5, 128.0, 127.2, 125.1, 86.4, 
76.2, 48.2, 47.6, 46.3, 33.9, 33.1. Rf = 0.4 (hex/EtOAc 90:10).HRMS-ESI
+ m/z 
calculated for C20H19O3BrNa [M+Na]
+: 409.0409, found 409.0405. 
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 CCDC 1441995 contains the supplementary crystallographic data. These data can be 
















A clear colourless prismatic-like specimen of C20H19BrO3, approximate dimensions 
0.10 mm x 0.14 mm x 0.16 mm, was used for the X-ray crystallographic analysis. The 
X-ray intensity data were measured. 
Table S9: Data collection details for compound 4. 
Axis dx/mm 2θ/° ω/° φ/° χ/° Width/° Frames Time/s Wavelength/Å Voltage/kV Current/mA Temperature/K 
Phi 34.850 18.00 4.37 -338.18 36.29 0.50 715 40.00 0.71073 50 30.0 n/a 
Omega 34.850 15.50 13.11 75.75 -42.86 0.50 132 40.00 0.71073 50 30.0 n/a 
Phi 34.850 13.00 13.95 -39.72 -74.52 0.50 739 40.00 0.71073 50 30.0 n/a 
 
A total of 1586 frames were collected. The total exposure time was 17.62 hours. 
The frames were integrated with the Bruker SAINT software package using a narrow-
frame algorithm. The integration of the data using a monoclinic unit cell yielded a total 
of 25493 reflections to a maximum θ angle of 25.35° (0.83 Å resolution), of 
which 6485 were independent (average redundancy 3.931, completeness = 100.0%, 
Rint = 4.20%, Rsig = 5.02%) and 3911 (60.31%) were greater than 2σ(F
2
). The final cell 
constants of a = 5.9120(3) Å, b = 20.4490(9) Å, c = 14.8152(6) Å, β = 90.753(2), 
volume = 1790.92(14) Å
3
, are based upon the refinement of the XYZ-centroids of 4812 
reflections above 20 σ(I) with 4.840 < 2θ < 38.93. Data were corrected for absorption 
effects using the multi-scan method (SADABS). The ratio of minimum to maximum 
apparent transmission was0.849. The calculated minimum and maximum transmission 
coefficients (based on crystal size) are 0.7089 and 0.8019. The structure was solved 
and refined using the Bruker SHELXTL Software Package, using the space group P 1 
21 1, with Z = 4 for the formula unit, C20H19BrO3. The final anisotropic full-matrix least-
squares refinement on F
2
 with 435 variables converged at R1 = 4.29%, for the 
observed data and wR2 = 15.32% for all data. The goodness-of-fit was 1.034. The 




 and the 








. On the basis of the 
final model, the calculated density was 1.436g/cm
3
 and F(000), 792 e
-
. 







Table S10. Sample and crystal data for 4. 
 
Chemical formula C20H19BrO3 
Formula weight 387.26 
Temperature 296(2) K 
Wavelength 0.71073 Å 
Crystal size 0.10 x 0.14 x 0.16 mm 
Crystal habit clear colourless prismatic 
Crystal system monoclinic 
Space group P 1 21 1 
Unit cell dimensions a = 5.9120(3) Å 
 
b = 20.4490(9) Å α = 90° 
 
c = 14.8152(6) Å β = 90.753(2)° 
Volume 1790.92(14) Å
3
 γ = 90° 
Z 4 
 
Density (calculated) 1.436 Mg/cm
3
 






Table S11. Data collection and structure refinement for 4. 
 
Theta range for data collection 1.37 to 25.35° 
Index ranges -7<=h<=7, -24<=k<=24, -17<=l<=17 
Reflections collected 25493 
Independent reflections 6485 [R(int) = 0.0420] 
Coverage of independent reflections 100.0% 
Absorption correction multi-scan 
Max. and min. transmission 0.8019 and 0.7089 
Structure solution technique direct methods 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F
2
 
Refinement program SHELXL-97 (Sheldrick, 2008) 















R1 = 0.0429, wR2 = 0.1108 
 



















Absolute structure parameter -0.0(0) 
Largest diff. peak and hole 0.400 and -0.329 eÅ
-3
 




Table S12. Atomic coordinates and equivalent isotropic atomic displacement 
parameters (Å2) for 4. 
 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 
 
x/a y/b z/c U(eq) 
Br1 0.83589(17) 0.95850(3) 0.21495(6) 0.1145(4) 
Br2 0.3706(2) 0.09150(4) 0.22584(6) 0.1255(4) 
C1 0.7618(13) 0.8700(3) 0.2454(4) 0.0696(17) 
C2 0.9135(11) 0.8338(3) 0.2950(4) 0.0657(15) 
C3 0.8631(10) 0.7709(3) 0.3163(3) 0.0591(14) 
C4 0.6594(9) 0.7440(2) 0.2874(3) 0.0490(13) 
C5 0.5089(10) 0.7808(3) 0.2380(4) 0.0669(16) 
C6 0.5599(12) 0.8447(3) 0.2175(4) 0.0773(19) 
C7 0.5956(11) 0.6758(3) 0.3107(4) 0.0597(15) 
C8 0.6860(9) 0.5854(3) 0.4071(4) 0.0585(14) 
C9 0.6322(13) 0.5878(3) 0.5062(4) 0.086(2) 
C10 0.8425(12) 0.5448(3) 0.5261(4) 0.0750(18) 
C11 0.8087(12) 0.4725(3) 0.5506(4) 0.0748(17) 
C12 0.7599(8) 0.4375(2) 0.4614(3) 0.0460(12) 
C13 0.9067(9) 0.4753(2) 0.3949(3) 0.0524(13) 
C14 0.9009(9) 0.5462(3) 0.4256(4) 0.0563(14) 
C15 0.7954(8) 0.3644(2) 0.4656(3) 0.0437(12) 
C16 0.9885(9) 0.3342(3) 0.4343(4) 0.0581(14) 
C17 0.0118(10) 0.2672(3) 0.4381(4) 0.0672(15) 
C18 0.8442(13) 0.2291(3) 0.4720(4) 0.0689(17) 
C19 0.6506(11) 0.2581(3) 0.5040(4) 0.0698(17) 
C20 0.6287(10) 0.3249(3) 0.5015(4) 0.0598(14) 
C21 0.3338(13) 0.1846(4) 0.2275(4) 0.078(2) 
C22 0.5039(12) 0.2234(4) 0.2624(4) 0.0723(17) 
C23 0.4797(10) 0.2892(3) 0.2612(4) 0.0646(16) 







C25 0.1170(10) 0.2781(3) 0.1888(4) 0.0605(14) 
C26 0.1397(12) 0.2115(3) 0.1907(4) 0.0706(17) 
C27 0.2729(9) 0.3890(3) 0.2193(3) 0.0514(13) 
C28 0.0661(9) 0.4801(3) 0.1608(4) 0.0599(14) 
C29 0.8182(9) 0.4944(3) 0.1364(4) 0.0716(17) 
C30 0.8912(10) 0.5223(3) 0.0453(4) 0.0711(17) 
C31 0.8847(9) 0.5972(3) 0.0329(4) 0.0720(17) 
C32 0.0953(8) 0.6241(3) 0.0818(3) 0.0522(14) 
C33 0.2709(9) 0.5703(3) 0.0677(5) 0.0695(17) 
C34 0.1411(9) 0.5048(3) 0.0688(4) 0.0622(15) 
C35 0.1539(9) 0.6932(3) 0.0525(4) 0.0557(14) 
C36 0.3504(9) 0.7088(3) 0.0059(4) 0.0649(16) 
C37 0.4007(11) 0.7729(4) 0.9833(4) 0.0757(18) 
C38 0.2542(12) 0.8217(4) 0.0036(4) 0.0749(17) 
C39 0.0588(13) 0.8067(3) 0.0470(5) 0.0789(19) 
C40 0.0099(10) 0.7445(3) 0.0723(4) 0.0656(15) 
O1 0.7374(6) 0.64977(17) 0.3705(2) 0.0602(9) 
O2 0.4297(9) 0.6487(2) 0.2828(4) 0.0990(17) 
O3 0.5273(5) 0.4508(2) 0.4410(3) 0.0626(10) 
O4 0.0974(7) 0.41003(19) 0.1708(3) 0.0678(10) 
O5 0.4036(7) 0.4261(2) 0.2566(3) 0.0751(12) 








Table S13. Bond lengths (Å) for 4. 
 
Br1-C1 1.917(6) Br2-C21 1.916(7) 
C1-C6 1.360(9) C1-C2 1.369(8) 
C2-C3 1.359(8) C3-C4 1.387(7) 
C4-C5 1.370(7) C4-C7 1.486(8) 
C5-C6 1.376(9) C7-O2 1.196(7) 
C7-O1 1.323(6) C8-O1 1.458(6) 
C8-C9 1.507(8) C8-C14 1.524(7) 
C9-C10 1.547(9) C10-C14 1.534(9) 
C10-C11 1.536(8) C11-C12 1.526(7) 
C12-O3 1.431(6) C12-C15 1.511(7) 
C12-C13 1.532(7) C13-C14 1.520(7) 
C15-C16 1.383(7) C15-C20 1.386(7) 
C16-C17 1.378(8) C17-C18 1.362(9) 
C18-C19 1.378(9) C19-C20 1.372(8) 
C21-C26 1.379(9) C21-C22 1.377(10) 
C22-C23 1.353(8) C23-C24 1.398(7) 
C24-C25 1.383(7) C24-C27 1.456(8) 
C25-C26 1.369(8) C27-O5 1.210(6) 
C27-O4 1.326(6) C28-O4 1.452(7) 
C28-C29 1.533(8) C28-C34 1.525(8) 
C29-C30 1.533(9) C30-C31 1.544(9) 
C30-C34 1.555(8) C31-C32 1.534(7) 
C32-O6 1.440(6) C32-C35 1.519(7) 
C32-C33 1.529(8) C33-C34 1.543(8) 
C35-C40 1.385(8) C35-C36 1.396(8) 
C36-C37 1.386(9) C37-C38 1.358(10) 

















Table S14. Bond angles (°) for 4. 
C6-C1-C2 121.6(5) C6-C1-Br1 119.3(4) 
C2-C1-Br1 119.1(5) C1-C2-C3 119.5(5) 
C2-C3-C4 119.7(5) C5-C4-C3 120.1(5) 
C5-C4-C7 118.3(5) C3-C4-C7 121.5(5) 
C4-C5-C6 119.8(6) C1-C6-C5 119.2(5) 
O2-C7-O1 123.7(5) O2-C7-C4 124.4(5) 
O1-C7-C4 111.9(5) O1-C8-C9 112.4(5) 
O1-C8-C14 111.3(4) C9-C8-C14 91.6(4) 
C8-C9-C10 89.3(5) C14-C10-C11 106.2(5) 
C14-C10-C9 89.7(4) C11-C10-C9 119.0(6) 
C12-C11-C10 105.7(4) O3-C12-C15 109.3(4) 
O3-C12-C13 108.6(4) C15-C12-C13 116.5(4) 
O3-C12-C11 105.3(4) C15-C12-C11 113.8(4) 
C13-C12-C11 102.6(4) C14-C13-C12 105.9(4) 
C13-C14-C10 106.2(4) C13-C14-C8 118.0(5) 
C10-C14-C8 89.2(4) C16-C15-C20 117.5(5) 
C16-C15-C12 122.9(4) C20-C15-C12 119.6(5) 
C17-C16-C15 120.8(5) C18-C17-C16 120.7(5) 
C17-C18-C19 119.5(6) C20-C19-C18 119.8(6) 
C19-C20-C15 121.6(6) C26-C21-C22 121.2(7) 
C26-C21-Br2 119.1(6) C22-C21-Br2 119.7(5) 
C23-C22-C21 119.5(6) C22-C23-C24 120.7(6) 
C25-C24-C23 119.0(5) C25-C24-C27 122.4(5) 
C23-C24-C27 118.6(5) C26-C25-C24 120.6(5) 
C25-C26-C21 119.1(6) O5-C27-O4 122.4(5) 
O5-C27-C24 124.9(5) O4-C27-C24 112.7(5) 
O4-C28-C29 109.4(5) O4-C28-C34 112.4(5) 
C29-C28-C34 90.8(4) C28-C29-C30 89.9(4) 
C29-C30-C31 117.9(6) C29-C30-C34 89.8(4) 
C31-C30-C34 106.0(5) C32-C31-C30 106.3(4) 
O6-C32-C35 109.3(4) O6-C32-C31 103.9(4) 
C35-C32-C31 112.6(4) O6-C32-C33 108.8(4) 
C35-C32-C33 118.2(4) C31-C32-C33 103.0(5) 
C32-C33-C34 106.5(4) C28-C34-C33 116.6(5) 
C28-C34-C30 89.4(4) C33-C34-C30 105.7(5) 
C40-C35-C36 116.7(6) C40-C35-C32 120.0(5) 
C36-C35-C32 123.3(5) C37-C36-C35 121.3(6) 
C38-C37-C36 120.1(6) C39-C38-C37 119.1(7) 
C38-C39-C40 121.7(7) C39-C40-C35 121.1(6) 








Table S15. Anisotropic atomic displacement parameters (Å2) for 4. 
 
The anisotropic atomic displacement factor exponent takes the form: -2π2[ 
h2 a*2 U11 + ... + 2 h k a
* b* U12 ] 
 
 
U11 U22 U33 U23 U13 U12 
Br1 0.1751(9) 0.0506(4) 0.1170(7) 0.0159(4) -0.0288(6) -0.0045(5) 
Br2 0.2095(11) 0.0706(6) 0.0960(6) 0.0003(4) -0.0203(6) 0.0372(6) 
C1 0.102(5) 0.041(3) 0.066(4) 0.003(3) -0.013(4) 0.003(3) 
C2 0.083(4) 0.049(4) 0.064(4) 0.005(3) -0.016(3) 0.000(3) 
C3 0.072(4) 0.053(3) 0.052(3) 0.000(3) -0.013(3) 0.009(3) 
C4 0.061(3) 0.045(3) 0.041(3) 0.001(2) -0.008(2) 0.006(2) 
C5 0.070(4) 0.058(4) 0.071(4) 0.004(3) -0.027(3) 0.010(3) 
C6 0.095(5) 0.060(4) 0.076(4) 0.003(3) -0.022(4) 0.029(4) 
C7 0.075(4) 0.055(4) 0.048(3) 0.001(3) -0.016(3) 0.008(3) 
C8 0.066(4) 0.042(3) 0.068(4) 0.011(3) -0.008(3) 0.004(3) 
C9 0.125(6) 0.053(4) 0.079(4) 0.004(3) 0.024(4) 0.022(4) 
C10 0.108(5) 0.056(4) 0.061(4) -0.001(3) -0.025(3) -0.004(3) 
C11 0.114(5) 0.062(4) 0.047(3) 0.001(3) -0.014(3) 0.007(3) 
C12 0.042(3) 0.048(3) 0.047(3) 0.005(2) -0.002(2) 0.000(2) 
C13 0.051(3) 0.049(3) 0.057(3) 0.009(2) 0.004(2) 0.003(2) 
C14 0.054(3) 0.049(3) 0.065(4) 0.010(3) -0.005(3) -0.007(3) 
C15 0.047(3) 0.045(3) 0.039(3) 0.004(2) -0.006(2) -0.003(2) 
C16 0.055(3) 0.046(3) 0.073(4) 0.002(3) 0.008(3) 0.002(3) 
C17 0.075(4) 0.058(4) 0.069(4) -0.001(3) 0.008(3) 0.016(3) 
C18 0.101(5) 0.041(3) 0.065(4) -0.001(3) -0.009(3) -0.001(4) 
C19 0.087(5) 0.059(4) 0.063(4) 0.005(3) -0.004(3) -0.020(4) 
C20 0.061(3) 0.056(4) 0.063(3) 0.003(3) 0.009(3) -0.008(3) 
C21 0.106(6) 0.076(5) 0.052(4) -0.001(3) 0.003(4) 0.029(4) 
C22 0.072(4) 0.084(5) 0.060(4) -0.004(3) -0.015(3) 0.028(4) 
C23 0.068(4) 0.073(4) 0.053(3) -0.006(3) -0.009(3) 0.015(3) 
C24 0.056(3) 0.068(4) 0.040(3) 0.001(3) 0.001(2) 0.007(3) 
C25 0.069(4) 0.061(4) 0.051(3) 0.003(3) -0.006(3) 0.005(3) 
C26 0.088(5) 0.062(4) 0.061(4) -0.008(3) -0.002(3) 0.000(3) 
C27 0.048(3) 0.067(4) 0.039(3) 0.005(3) -0.001(3) 0.002(3) 
C28 0.066(4) 0.058(3) 0.056(3) 0.002(3) -0.004(3) 0.008(3) 
C29 0.054(4) 0.076(4) 0.085(4) 0.017(3) -0.009(3) -0.010(3) 
C30 0.071(4) 0.081(4) 0.061(4) 0.011(3) -0.021(3) -0.016(3) 







C32 0.041(3) 0.063(3) 0.052(3) 0.009(3) 0.000(2) 0.006(3) 
C33 0.043(3) 0.074(4) 0.092(5) -0.001(3) 0.010(3) 0.007(3) 
C34 0.059(4) 0.066(4) 0.061(3) -0.009(3) 0.005(3) 0.004(3) 
C35 0.049(3) 0.069(4) 0.049(3) 0.010(3) -0.004(3) 0.003(3) 
C36 0.043(3) 0.076(4) 0.076(4) 0.022(3) 0.012(3) 0.011(3) 
C37 0.059(4) 0.095(6) 0.073(4) 0.029(4) 0.005(3) -0.006(4) 
C38 0.083(5) 0.077(4) 0.065(4) 0.016(3) -0.007(3) -0.003(4) 
C39 0.094(5) 0.065(5) 0.078(4) -0.002(3) -0.006(4) 0.013(4) 
C40 0.061(4) 0.070(4) 0.066(4) 0.005(3) 0.006(3) 0.007(3) 
O1 0.068(2) 0.050(2) 0.062(2) 0.0134(18) -0.0161(19) -0.0015(18) 
O2 0.102(4) 0.080(3) 0.114(4) 0.019(3) -0.060(3) -0.022(3) 
O3 0.046(2) 0.063(2) 0.079(3) 0.010(2) -0.0024(17) 0.0025(19) 
O4 0.069(2) 0.064(2) 0.070(3) 0.003(2) -0.024(2) 0.005(2) 
O5 0.062(3) 0.073(3) 0.089(3) 0.001(2) -0.026(2) -0.003(2) 
O6 0.074(3) 0.076(3) 0.053(2) 0.0076(19) 0.004(2) 0.005(2) 
 
 
Table S16. Hydrogen atomic coordinates and isotropic atomic displacement 
parameters (Å2) for 4. 
 
x/a y/b z/c U(eq) 
H2 1.0500 0.8522 0.3139 0.079 
H3 0.9649 0.7460 0.3502 0.071 
H5 0.3726 0.7626 0.2184 0.08 
H6 0.4576 0.8703 0.1849 0.093 
H8 0.5731 0.5613 0.3712 0.07 
H9A 0.4902 0.5669 0.5212 0.103 
H9B 0.6418 0.6313 0.5321 0.103 
H10 0.9558 0.5666 0.5644 0.09 
H11A 0.9438 0.4549 0.5794 0.09 
H11B 0.6828 0.4675 0.5914 0.09 
H13A 1.0605 0.4588 0.3961 0.063 
H13B 0.8464 0.4712 0.3339 0.063 
H14 1.0400 0.5704 0.4126 0.068 
H16 1.1041 0.3594 0.4105 0.07 
H17 1.1435 0.2478 0.4173 0.081 
H18 0.8602 0.1839 0.4736 0.083 
H19 0.5352 0.2324 0.5273 0.084 
H20 0.4988 0.3441 0.5243 0.072 
H22 0.6345 0.2046 0.2866 0.087 
H23 0.5930 0.3156 0.2857 0.078 
H25 -0.0131 0.2967 0.1639 0.073 







H28 0.1247 0.5058 0.2118 0.072 
H29A -0.2517 0.5264 0.1755 0.086 
H29B -0.2748 0.4554 0.1312 0.086 
H30 -0.1699 0.4981 -0.0066 0.085 
H31A -0.1125 0.6085 -0.0306 0.086 
H31B -0.2516 0.6153 0.0589 0.086 
H33A 0.3843 0.5713 0.1155 0.083 
H33B 0.3456 0.5762 0.0103 0.083 
H34 0.2058 0.4710 0.0301 0.075 
H36 0.4494 0.6756 -0.0102 0.078 
H37 0.5350 0.7825 -0.0459 0.091 
H38 0.2866 0.8647 -0.0118 0.09 
H39 -0.0435 0.8399 0.0596 0.095 
H40 -0.1226 0.7362 0.1035 0.079 
H3A 0.4942 0.4354 0.3915 0.094 
H6A 0.1224 0.6473 0.2043 0.101 
 
 
 
